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1.0 SUMMARY

The effects of RSRA fuselage configurations on rotor perfor-
mance and loads have been quantified analytically by means of
currently available potential flow and rotor analysis methods.

Four configurations of the Rotor Systems Research Aircraft
(RSRA) were considered in this study. They were:

1) Fuselage alone (conventtonal helicopter)

2) Fuselage with auxiliary propulsion

3) Fuselage with wings (auziliary lift)

4) Fuselage with both auxiliary lift and propulsion:

The rotor system investigated was identical to a CH-47D front
rotor except that it had four instead of three blades. Two. .
scaled-down versions of the same rotor were was also analyzed
tgfdetermine the effect of rotor scale on the fuselage upwash
effects.

The flight conditions considered for the upwash study are dis-
cussed. The potential flow models for the RSRA configuration,
with and without the wings and the auxiliary propulsion systen,
are presented. The results of fuselage/wing/propulsion syste-~
upwash on performance and loads are also presented.

The plethora of data resulting from this study reflected the
existence of complicated flow interactions and did not lend
itself to straightforward interpretation in all cases. More
often than not though, neglecting fuselage upwash causes an
underestimation of performance and an underestimation of loads.

The appendices contain potential flow model coordinates,
upwash vlaue tabulations, loads analysis comparisons
supplementary to those shown in figures, and examples of
surface plots.

£
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2.0 INTRODUCTION

The proximity of the fuselage to the rotor of a helicopter has
a significant effect on the flow envirerment at the rotor.
Recent flight tests (particulacly the YUH-61A flight test
experience) have shown that rotor/fuselage separacicn is onz of
the dominant parameters in determining rotor-induced vibratory
loads, with associated detrimental effects ranging from pilot/
passenger discomfort to reduced fatique life of blades and
control system, and to a possible degradation of pe.formance
and rotor limits. The fuselage prox-.mity effects would be
further magnified on helicopters uvtilizing auxiliary means of
lift and propulsion because of the additional flew changes
introduced by wings and fans.

The Rotor System Research Aircraft (RSRA) is the ideal system
to explore combinations of rotors with auxiliary lift and -
auxiliary propulsion devices, but the understaiding of the
results of a flight test program would be strongly influ2nced
by the degree to which mutual interferencc effects ketwean
helicopter components can be quantified.

The analytical methods necessary to acsess fucelage, wing, and
propulsion system effects on the flow field have been suffi-
ciently improved to allow calculations of this nature to be
carried out on computers having an adequate capacity. Al the
same time rotor loads and performance analysis methods have
been developed which successfully predict the characceristizs
of helicopter rotors at all but the more extreme flight
conditions.

The combination of threce-dimensional potential flow and rotor
loads/performance analysis methods has been the subject of re-
search during recent years. The preliminary results have been
encouraging, and data handling procedurass have been developed
which have considerably reduced the incerface problemz between
potential flow and rotor analysis codes.

During this study, an approximation to the effects of
fuselage/wing/engine proxzimity was determined by the coupling v
of a three-dimensional potential flow program with rotor loads
and performance analyses. The approximation was made in order
to assess the character of these effects on locads and perfor-
mance. A close approximation would have involved an iterative
process - determining the influence of fuselage/wing/engine
proximity or. loads and performance, determining the influence
of rotor-induced downwash on the potential flow about the
structures, and repeating the cycle. This study was limited to
using only the first step, determining the initial influence of
structural proximity nn tha rotor environment. The iterative
process was outside the scope of the present scudy.
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Previous efforts to determine the effects of fuselage proximity
on rotor loads and performance were limited by the crudeness of
the potential flow models or the rotor analyses. Two of these
efforts were reported by Rahnema (Reference 1) and by Bain and
Landgrebe (Reference 2). Rahnema investigated the alleviation
of rotor loads with calculations that used only a single point
source in a uniform free stream to model the flow about a
fusleage. Bain and Landgrebe used a lifting line for the wing
of a compound helicopter. The present study, by contrast, uses
a fully three-dimensional panel method with wing vorticity
glztrlbuted chordwise to model the flow about aerodynamic

odies
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3.0 A _GENERAL DESCRIPTION OF FUSELAGE/WING/ENGINE UPWASH
EFFECTS AND OF THEIR MCDELING

Although isolated rotor tests and calculations are most often
employed in the definition of advanced rotor systems, it is
understood that the final success of a rotor system depends on
its integration with fuselage components. In particular, test
and theory have shown that the placement of the rotor with re-
spect to the fuselage of a helicopter introduces changes in the
rotor flow field which must be accounted for to determine real-
istic load and performance levels.

The presence of substantial lifting elements on the fuselage
and the effect of auxiliary propulsion devices is very likely
to increase the influence of the fuselage upwash on rotor per-
formance and loads, making it even more critical that well doc-
umented rotor placement guidelines be established. Estabishing
these guidelines is outside the scope of the present study,

but such establishing must be based on analyses such as those
reported herein or data gathered from tests.

The overall effects of fuselage/w1ng/englne upwash on a rotor
were the object of this investigation. Considering only a sin-
gle blade element, the structure induces an increment to the
velocity component normal to the local free stream which would
exist i1f no other structures were near the rotor. This
increment changes the local angle of attack and, therefore, the
airloads, flapping, and stresses.

The flow about three-dimensional bodies can be evaluated by
computational potential flow methods, as well as methods
involving more fundamental, and therefore more complex and
expensive, approaches. In particular, the singularity panel

“methods are the simplest and least expensive for 3-D flow.

They are adequate for the present purpose, since the effects of
viscosity and vorticity, neglected by such methods, are
significant only close’ to the fuselage/wings/engines, not in
the off~-body region where the rotor blades are located.

To obtain a 3-D potential flow solution with TEA-230

(Reference 3), a panel method, the surface of a body is approx-
imated by a number of flat, or nearly flat surfaces (panels),
where the size of the panels is dictated by the local surface
curvature and by the need for accuracy in the calculated sur-
face velocities. A potential :low solution for a given body is
then obtained by prescribing, among other conditions, the re-
quirement that there be no fiow through the panels. Local ve-
locities are then estimated at the centroid of each panel and
at any required point off the body.

Figure 3-1 illustrates the overall logic in carrying out rotor/
fuselage upwash interaction calculations. The rotor analysis

-program shown in the diagram is the B-65 performance code, Ref-

erence 4. The C-60 loads analysis, Reference 5, can be intro-
duced in the same way.
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CONDITIONS —b’ ANGLES AND GEOMETRY _—.9 OFF-CODY LOCATIONS, f
OUT: PERFORM- 8?:130‘:33‘;3'1 ﬁ ;;’f'f; CF FLIGHT CONDITIONS , |
ANCE AMG : . . ;
B Fons | FUSELAGE COORBINATE OUT: OFF-BODY VELOCITIES ~ 5 d
| SYSTEM .
IN: ROTOR GEOMETRY AND )
POSITION DATA, UFWASH g
VELOCITIES
CHANGE CYCLIC PITCH __]7 OUT: AUp AND AUy s
‘1
BC5 -
COMPARE CHECK FORCE IN: TRIM CONDITIONS }
INITIAL AND OR MOMENT AND UPWASH DATA <3 :
FINAL CONVERGENCE OUT: PERFORMANCE AND ;
FLAPPING FLAPPING ?
I ap<c1°
\Y4
86
IN: TRIM CONDITIONS, WAK ROTOR ON FUSELAGE .
UPWASH DATA >l 7 APEE P51 CALCULATIONS: i
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Figure 3-1. Single Rotor Upwash Calculation Proceduro (
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The process is started with isolated rotor trim conditions.

The initial blade flapping schedule is used by the B-21 proces-
sor code to calculate the coordinates of blade computation
points in the fuselage coordinate system. The off-body point
coordinates are then input into the 3-D aralysis (TEA-230) and
off-body velocities are calculated. The B-21 code converts the
off-body velocities into incremental rotor velocities which zre
introduced into B-65 or C-60. Finally, B-65 or ¢-60 is run
until a solution is obtained which satisfies the required trim
in the presence of the fuselage upwash velocities at the blade
computation points. The process 1s repeated only if substan-
tial changes in blade flapping angles take place.

‘The manipulation of output from one program into input for

another 1s performed automatically by the B-21 code. The only
manual operations necessary are entering some of the B-65 or
C-60 output into B-21 input, merging the B-21 output into

TEA-230, and merging some of the TEA-230 output into the final
B-21 input.
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4.0 DESCRITION OF THE CODES USED

4.1 The B-65 Rotor Performance Analysis

The Rotor Performance Analysis, B-65, is described in Reference
4. The code was developed at Boeing Vertol. The basis for the
code is a model of the wake trailed by each blade, which wake
is represented by groups of stralght vortex segments with lin-
early varying vorticity from one end to the other of each seg-
ment. A root and a tip vortex are rolled up after a fixed
azimuthal interval (1/8th of a revolution) at a radial location
which 1s determined from the instantaneous spanwise blade load-
ing (Betz criteria). The vortex sheet trailed by each blade is
modeled by a system of vortices identified as the near-wake,
attached to the blade quarter chord line and trailed 1/24th of
a revolution (A¥ = 15°), and a mid-wake, which extends for two
additional time intervals (AY = 30°) beyond the near-wake.

As the B-65 code subdivides a rotor blade into 13 spanwise seg-
ments of equal length, cutout to tip, the vortex sheet trailed
by each blade is represented by 13 horseshoe vortices. Except
for the initial Betz rollup criteria which set the spanwise
location of the tip vortices, the wake model is otherwise rig-
id, and its displacement is a combination of flight kinematics
w1th a uniform induced downwash velocity.

Blade elastic properties are represented by a modal approach.
Two flap bending and one torsion mode are used to model the
elastic properties. The aerodynamic formulation, based on a
lifting line system, includes an approximation of unsteady
effects, dynamic stall delay, radial flow, reverse flow, and
three-dimensional tip relief effects.

The sectional characteristics are obtained by look-up and in-
terpolation of tables of two-dimensional airfoil data compiled
from experimental or analytical sources. The tabulated airfoil
characteristics are listed in the following sequence:

(a) Lift Coefficient, cz. Presented as a function of angle of
’ attack at fixed Mach number levels, for angles from 0° to

20°,- and from -20° (340°) back to 0° (360°), for Mach num-
bers from M = 0.0 to M = 1.0. Lift data from 20° to 340°
is simulated by equations based on test data for the NACA
0012 airfoil, Reference 4. These equations are indepen-
dent of Mach number as they are meant to approximate the
high angle-of-attack flow conditions inside the reverse
flow circle.

(b) Drag Coefficient, cd. Drag is presented as a function of
Mach number, for M = 0.0 to M = 1.0, at constant angle of
attack levels over an angle of attack range which can be
specified in the input. Outside of the specified angle of
attack range the drag is approximated by equations inde-
pendent of Mach number and based on NACA 0012 test data.
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(c) Pitching Moment Coeffient, cm. Pitching moments are
tabulated as a function of lMach number, from M = 0.0 to 1
= 1.0, for angles of attack from 0° to 16°, and from =-16°
(344°) to 0° (360°). Equations based on NACA 0012 data
cover the rest of the high angle of attack range.

B-65 output consists of airload and power distributions across
the blades at 24 azimuthal locations. It also includes the
distribution of elastic twist and deflections at those loca-~
tions. Flapping angle is output in harmonic form and the
other distributions can be harmonically analyzed. No specific
number of harmonics is modeled because flapping is determined
by solving a differential equation for flapping angle instead

of simply finding the Fourier coefficients of an assumed har-
monic behavior.

The accuracy of this code is reflected in Figure 4~-1. In this
figure, "Configuration 6" designates a particular blade plan-
form, "BVWI" means Boeing Vertol Wind Tunnel, "BVWT 256" is a
particular wind tunnel test, and "wO2" means "wind-off zero."

4.2 The C-60 Dynamics l.oads Analvsis

The Dynamics Loads Analysis was developed at Boeing Vertol by
the Rotor Dynamics Group. A detailed description of C-60 can
be found in Reference 5.

C-60 uses a lumped-mass representation of a rotor blade, in-
cluding up to 25 masses. The elastic properties are repre-
sented by elastic, massless rods connecting the masses. The
airloads are evaluated on a relatively coarse radial and
azimuthal grid from which dense airload distributions can be
generated by intepolation and harmonic analysis.

Although C-60 has provisions for a trailed vortex sheet, satis-
factory airlcads have been calculated by means of induced ve-
locities from the root and tip vortices only.

Without the limitations of the modal approach of B-65, the C-60
analysis can evaluate the motions and deflections of a rotor
blade in whatever complexity the dynamics and aerodynamics of
the problem dictate. Blade and control loads can be then de-
fined and analyzed in detail with the harmonic content.

C-60 output consists of airload and internal load distributions
across the blades at 24 azimuthal locations. It also includes
pitch link and hub loads. Ten harmonics of the blade can be
and were modeled, in order to obtain the highest definition of
the above distributions. The accuracy of this code is
reflected in Figure 4-2.
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4.3 The B-21 Rotor/Wake/Fuselage Interaction Processor

The B-21 Rotor/Wake/Fuselage Interaction Code was developed at
Boeing Vertol. This code carries out all interface calcula-
tions necessary to couple a 3-D potential flow analysis, in
particular TEA-230, with a rotor performance or loads analysis.

B-21 takes the flapping angle Fourier coefficients from B=65
output plus the rotor geometry-and finds from these the
coordinates in the fuselage coordinate system of all blade com=-
putational points at all azimuths. These computational points
are output from B-21 in exactly the format required for
off-body velocity computation by TEA-230. They are then simply
merged with the on-body geometry of TEA-230 input. The
off-body velocities as they appear in TEA-230 output then serve
as another B-21 input without manipulation.

4.4 The TEA-230 Potential Flow Analysis

The three-dimensional potential flow analysis, TEA-230 (Boeing/
Seattle), can simulate lifting and non-lifting bodies and en-
gine flow. The code has provisions for on-body and off-body

velocity calculations. To obtain a 3-D potential flow solutloh"'

the surfaces of the body are approximated, as mentioned in Sec=-
tion 3, by a number of flat, or nearly flat surfaces (panels).

A potential flow solution on the surface of a given body is
then obtained by prescribing, among other conditions, the re-
quirement that there be no flow through the panels. Local ve-
locities and therefore pressures are then estimated at the
centroid of each panel and at any required point off the body.

The TEA-230 analysis used in this study is described in detail
in Reference 3.
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5.0 DESCRIPTION OF RSRA CONFIGURATION AND FLIGHT CONDITIONS

A potential flow model of the RSRA fuselage was defined with
provisions to combine the following components:

A. The body of the fuselage, including the tail boom,
but no tail surfaces.

B. Wings and wing/fuselage fairing areas.
C. Engines providing auxiliary propulsion.

D. An approximate model of separated regions'behind
the fuselage and engines.

The individual and combined elements of the potential flow mod-
el were processed through diagnostic programs to verify the
quality of the paneling. Computer-generated plots were provid-
ed to document the mathematical models.

The fuselage model was only as detailed as necesSary to evalu-
ated upwash velocities at the main rotor.

The matrix of operating conditions with and without auxiliary
lift, and with and without auxiliary propulsion, were defined.
The fuselage and rotor configurations were limited to: '

A. The basic fuselage.
B. The basic fuselage with one set of wings.

c. The basic fuselage with auxiliary propulsion.

D. The basic fuselage with wings and auxiliary
propulsion.

E. Three rotor diameters at one hub position.

fuselage upwash and rotor performance calculations were carried
Jut for three rotor diameters, three gross weight levels, two
auxiliary lift levels, four auxiliary propulsion levels, and
Sombinations of both auxiliary lift and propulsion. All three
rotors were set at the same height above the fuselage and, for
the purposes of the current study, this height was not varied
from ‘che current RSRA configuration since such variation would
require redesign of the RSRA.

A summary of the computation conditions is presented in Table
I. The relationships of the parameters defining the flight
conditions to the gross weights and flight velocities selected
are shown in Table II, along with identification of the effects
illustrated by various comparisons among the flight conditions.
Table II is read in th- following way: The numbers labled
"CONDITION" refer to the 27 flight conditions. The numbers --
opposite the key parameters GW, T, etc., refer to specific val=-
ues; e.g., "1" in the row opposite "GW" means the gross weight
is Gwy (fllght conditions 1, 2, 5, 6, etc.). The "2" in the

12
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row opposite "T" means the vertical component of rotor thrust
is T (flight conditions 3, 4, 5, 6, etc.). These key
parameter values are defined in Table II.

The conditions shown in Table I were based on the relationships
shown in Table II plus both the necessity of not letting the
thrusts, gross weights, and velocities be unrealistic for the
RSRA, and the desirability of not letting the different values
of those same parameters be too close together, thus making the
effects of the differences difficult to detect. These conflict-
ing requirements left little room for arbitrariness in the
choices of computational conditions.

13
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GROSS
WEIGHT
COMDITION (POLNDS)
1 26,400
2 26,400
3 18,333.3
4 18,333.3
5 26,400
6 26,400
7 18,333.3
8 18,333.3
9 26,400
10 26,400
11 18,333.3
12 18,333.3
13 18,333.3
14 18,333.3
15 26,400
16 26,400
17 26,400
18 26,400
19 22.366.7
20 22.366.7
21 22,366.7
22 18,333.3
23 22.366.7
24 22.366.7
25 26,400
26 26,400
27 18,333.3

TABLE 1

RSRA UPWASH STUDY FLIGHT CONDITIONS

VERTICAL COMPONENT
OF ROTOR THRUST

(POUNDS)

26,400
26,400
18, 333.
18,333.
18,333.
18, 333.
18, 333.
18,333.
18, 333.
18,333.
18, 333.
18,333.
18,333.
18,333.
18,333.
18,333,
18,333.
18, 333.
22.366.
18,333.
18, 333.
18, 333.
18,333.
22,366.
26,400
18,333.
18, 333.

[7S X ] sSNwwwwSNwwtwwwwwwwwwwiwwww

sy wis

FLIGHT WING AUXILIARY ROTOR
VELOCITY LIFT THRUST DIAMETER
(KNOTS) (POUNDS) (POUHDS) (FEET)
112.5 0 0 60
162.5 0 0 60
112.5 0 0 60
162.5 0 0 60
112.5 8,066.7 0 60
162.5 8,066.7 0 60
112.5 0 983 60
162.5 0 2,051 60
112.5 8,066.7 983 60
162.5 8,066.7 2,051 60
112.5 0 0 50
162.5 0 0 50
112.5 0 983 50
162.5 0 2,051 50
112.5 8,066.7 0 50
162.5 8,066.7 0 50
112.5 8,066.7 983 50
162.5 8,066.7 2,051 50
162.5 0 0 60
162.5 4,033.3 0 60
162.5 4,033.3 2,051 60
162.5 0 1,025.5 60
162.5 4,033.3 1,025.5 60

162.5 0 0 55.2
137.5 0 0 60
137.5 8,066.7 0 60
137.5 -0 1,468.5 60

. s
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TABLE If. RSRA UPWASH STUDY
DEFIRITION OF KEY PARAMETER VARIATION

. 2
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TABLE III
VALUES OF KEY PARAMETERS

GW, = 26,400 pounds
GW, = 18,333.3 pounds
GWy = 22,366.7 pounds
Ty, = 26,400 pounds
T, = 18,333.3 pounds

T3 = 22,366.7 pounds

vV, = 112.5 knous
V., = 162.5 knots
V3 = 137.5 knots
L, =8,066.7 pounds
Lz = 4,033.3 pounds
D; = 60 feet
D, = 50 feet
D3y = 55.2 feet
P, = 983 vounds

P, = 2,051 pounds
Py =1,025.5 pounds
Py =1,468.5 pounds

16
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6.0 POTENTIAL FLCW MODELS OF THE RSRA

There were four significantly different potent1a1 flow models
used in this study: the RSRA fuselage (Figures 6-1 and 6-2),
the fuselage with auxiliary propulsion engines (Figures 6-3 and

6-4), the fuselage with auxlllary w1ngs (Figures 6-5 and 6=€),
and the fuselage with both auxiliary wings and auxiliary
engines (Figures 6-7 and 6-8). Two more combinations of fuse=-
lage and auxiliary wings, one with and one without auxiliary
engines, were used. The wings of these were at different inci-
dence angles They strongly resembled the comblnatlons in
Figures €-5 and 6-7.

In all of these models the tail surfaces and engine supports
were omitted. The cylindrical tube behind each truncated

fuselage is used to represent, in rough approximation, the aft -

fuselage, fuselage boundary layer, and fuselage wake. The
cylindrical tubes behind the engines are used to approximate
the exhaust jets.

17
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Potential Flow Model of the RSRA Fuselage with Auxiliary Wings.

Top and Side Views.

-Figure 6-4.

. -

1% I



!

. . - N E ! .
P S XTI T Y. W WL SN EURPGL At SUSIPN N S B e T "ﬂ
Sy
)
|
o
7]
. V]
o=
oy
o
[ =4
(YY) .
>
S
L
oy
o
oy .
*
3
<
£
e =
4 -
>
- Q
o
~
[ond .
Q
w
=]
[
%]
[+ 4
b 1]
: F
-t
[T
Q
p—
- Q
2
k
[=}
—
[T
—
I L
2 -
- , -
=
; [<]]
! -
o
a.
L]
.
- wn
[}
o
[+3] .
|
>
o
=
‘ [T
5o~
L
b
the 22
[
- .
’ / v
./_/; - . o . .
T { .




.L,?

o i o

AN

N
AR

"y
s o'

AN

AT R

o
LB

OF POCR QUALLL

vt
-

ORIGHIAL By

. . *sMalA apis pue doy
sautbuz AteLlixny y3im abe(asng VUSY BU3 4O 19pod MOLS (P13U3I04 “9-9 34nby

T

4ottt

(ol B0

qrer———— e e e e g

it W e

T — T T

ooy i,

e

T

Iw.-'lyl*

23

3 (4



VRN TTES e Y Qs s . . . . i l,‘i
g R N \ N . - - _ .
'\ Rmx».h.c&m.f&»\:?}u e e e v e e s . o .
\ .

/’ \ ;
.
"‘ i
: 1
- A
i
i
v !
{
. ¥
. i
=
Q
-
pe)
[\
S
=
- o
. = .
" o
Q
[
. 2
(-4
- -1}
P
[+5]
—
[=N
[=
(=}
(&)
Y
. o
r <
Q .
e |
2 ,
x ¢
Q .
fd
U
—
<
-
-
e
Q
-~
[}
Q.
L]
- ~
]
V-] i
i)
g o
3
& ;
s
e
P

/ ' 24




o e T .. U LUV VEOTERL” W 1

- oy oy

e -

|
oo TR

;o

e PECTE TN R

N

—
D Y

Tl =

vy e
t L [
——
i
“\ Se
N |
an

REXR]

R EITTN

Of FOUR Q

~re

25



A L % cm e WA deascemee e e e i

op pome gwmemr oo o

S

'. Bil.__m'.."._'__.‘:-..l e

7.0 DESCRIPTION OF MAIN ROTOR CHARACTERISTICS

The rotor used in this study is identical to a CH-47D front
rotor except that it has four instead of three blades. The
radius of this rotor is 30 feet and the chord 32 inches. The
airfoil, from the cutout at 21% of the radius to 85% of the
radius, is the Boeing Vertol VR-7. At the tip, the airfoil is
the VR-8. The airfoil of the last 15% of the blade is a linear
transition between these two. .The VR-7 is 12% thick, the VR-8
is 8%. The planform of the blade is rectangular. The twist is
linear, decreasing 7.63° between the cutout and 85% of the
radius and another 0.7° between the 85% point and the tip. For
some of the flight conditions, a 25-foot Mach-scaled version of
the same rotor is used, and, for condition 24, a 27.61 foot
rotor, also Mach-scaled, as defined in Table II. Mach scaling
here means that velocities (and therefore Mach numbers) and
densities are conserved as lengths are changed in the scaling
process. Therefore, airfoil shapes, disk loadings, twist
angles, pressures, thicknesses as fractions of chord, and
moduli of elasticity are conserved, but masses, lengths,
forces, areas, volumes, and accelerations are not. Masses are
proportional to the cube of the rotor radius, while lengths are
proportional to the radius itself. Forces, except for weight,
which is not scaled correctly, are proportional to the square
of the radius. Areas and volumes are proportional to the
second and third powers of the radius, while accelerations are
inversely proportional to the first power. In particular, the
25~foot radius rotor has a 26.67-inch chord, while the
27.61-foot rotor has a 29.45-inch chord.
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8.0 DISCUSSION OF THE EFFECTS OF FUSELAGE/WING/ENGINE UPVASH
ON THE PERFORMANCE AND LOADS OF THE RSRA ROTOR

The effects of upwash on performance is shown in Figures 8-1
through 8-5. : :

Fiqure 8-1 displays the values of required rotor horsepower
determined by B-65 for the 27 flight conditions shown in Table
II. To keep from splitting hairs too finely, it was deened
necessary to consider an influence due to fuselage/wing/engine
upwash which changed the rotor power by less than 400 horse-
power to be questionable. Considering only consequential
influences, 1t appeurs that for only Flight Conditions 2, 8,
16, and 21 does fuselage/wing/engine upwasn increase the re-
quired rotor power, while for only Flight Conditions 7, 13, 14,
22, and 23 does the upwash decrease that power. From these
observations one can conclude that, at least in general, fuse-
lage/wing/engine upwash increases required rotor power at high
flight velocities when the sum of rotor and wing lift is high,
while auxiliary engine upwash without wing upwash decreases the
requirad power,

Figure 8-2 displays the values of equivalent lift-to-drag ratio
determined by B-65. If one considers h:re that differences in
L/DE of less than 0.6 are not significant, one finds that fuse-
lage/wing/engine upwash significantly increases L/DE for Flight
Conditions 7, 13, 14, 22, 23, and 27 and significantly decreases
L/DE for Flight Conditions 8 and 21. From these observations

one can conclude that, in general, engine upwash can significantly
influence L/DE in the presence of little or no wing upwash.

One can conclude also that the engine upwash increases L/DE

except possibly when auxiliary thrust is high.

In comparing Fiqures 8-1 and 8-2 and wiile noting that the only
quantity contributing to L/DE which should change due to fuse-
lage/wing/engine upwash is the rotor power, one should expect
changes in L/DE due to fuselage/wing/engine upwash to be op-
posite changes in rotor horsepower. This indeed is the case,
except for Flight Conditions 2 and 4, where the changes in pow-.
er are slight and are offset by the changes in lift and X al-
lowed by the coavergence tolerances.

Figure 8-3 displays the vibratory component of the blade tip
elastic twist deflection as calculated by B-65. If one decides
that differences in AeF less than 0.016 radians are question-
able one finds fuselagé&wing/engine upwash significantly de-
creases A8 for Flight Conditions 2, 12, 14, 19, and 27'but .
never 51gn§§icant1y increases A8, . It is somewhat difficult :
to find commonality in these fiv flight conditions, although

they all involve high flight velocities or auxiliary pro- X
pulsion. None involve wing lift. Most of these conditions i
“involve reasonably high disk loading.

S TP
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Figure 8-4 displays the normalized magnitudes of the fourth and
eighth harmonics of rotor thrust as determined by B-65. If one
considers differences in T./To less than 0.014 to be insignif-
icant, one finds that fuselage,/wing/engine upwash significantly
increases T,/To for Flight Conditions 21 and 22 and significantly
decreases it for Flight Conditions 2, 4, 6, 12, 24, and 26.

These Fligh% Conditions are at medium and high flight velocities
and usually involve disk loadings that are not high. In parti-
cular, the two flight conditions for which fuselage/winrg/engine
upwash increases T4/T, involve a high flight velocity and reason-
ably low disk loadings. But these are the only flight conditions
among the eight significant ones which involve auxiliary propul-
sion. The other six flight conditions involve no auxiliary
propulsion and experience decreases in T./T, due to fuselage/
wing upwash.

If one uses 0.014 as also the lower limit of significant dif-
ferences in Tg/To, one finds that fuselage/wing/engine upwash
significantly increases Tg/To, for Flight Conditions 5, 8, 13,
19, 21, 22, and 23 and significantly decreases it for Flight
Conditions 2, 6, 14, 16, 18, 24, and 25. These 14 flight con-
ditions have little in common except that most of them involve

" the highest flight velocity. Why fuselage/wing/engine upwash

increases or decreases Tg/T, is not clear at all.

Figure 8-5 displays the normalized magnitudes cof the fourth and

eighth harmonics of rotor torque as determined by B-65. A com-

parison of differences in Q,/Qo due to fuselage/wing/upwash

show little correlation with the key parameters of the flight :
conditions or the RSRA potential flow models, except that the !
largest differences occur at high flight velocity. If one con-
siders differences in Qg/Qo less than 0.022 to be insignifi-
cant, one finds that fuselage/wing/engine upwash significantly
increases Q,/Q, for Flight Conditions 7, 9, 13, and 17 and sig- ;
nificantly decreases it for Flight Condition 22. The flight |
conditions for which Q3/Q¢ is significantly increased are all ;
at the lowest flight velocity and all use auxiliary propulsion. '
Flight condition 22, by contrast, uses the highest flight ve- :
locity and, by comparison, also uses auxiliary propulsion. :
However, other flight conditions using auxiliary propulsion and

high flight velocity do not experience significant changes in

Qs/Q¢ due to fuselage/wing/engine upwash.

The effects of upwash on loads is shown in Figures 8-6 through
8-41. In each figure, the solid curve indicates the isolated
rotor, the dashed curve the rotor influenced by upwash induced
by fuselage and/or auxiliary wings and/or auxiliary engines.

The figures are grouped according to the independent variable
and the constant parameters. Figures 8-6 through 8-9 show
functions of flight velocity in which the upwash (if any) is
caused by only the RSRA fuselage. Figures 8-10 though 8-13 are
similar except that the influence of the wings has been added.
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Figures 8-14 through 8-17 are like Figures 8-6 through 8-9 ex-
cept that the influence of the auxiliary engines has been add-
ed. Figures 8-18 through 8-21 show functions of disk loading
in which the upwash is caused by only the fuselage. Figures
8-22 through 8-25 show functions of wing lift. Figures 8-26
through 8-29 show functions of the flat plate area for the
thrust from the auxiliary engines. Figures 8-30 through 8-33
are similar but with wing lift added. Figures 8-34 through
8-37 show functions of auxiliary engine flat plate area and
wing lift as both increase together. Finally, Figures 8-38
through 8-41 show functions of rotor size at a constant disk
loading. Table IV lists the flight conditions and potential
flow models for each of the above groups of figures.

Another grouping can be considered in which the figures of each
group dlsplay the same dependent, as opposed to independent,
variable. Figures 8-6, 8-10, 6-14, 8-18, 8-22, 8-26, 8-30,
8-34, and 8-38 display the varlatlon of equlvalent llft-to-drng
ratio with several different parameters and at many different
flight conditions. Figures 8-7, 8-11, 8-15, 8-19, 8-23, 8-27,
8-31, 8-35, and 8-39 display the variation of pltch link load
v1brator1 amplltude with the same parameters and at the same
flight conditions. Fiqures 8-8, 8-12, 8-16, 8-20, 8-24, 8-28,
8-32, 8-36, and 8-40 display the variation of flap hinge vert-
ical shear vibratory anplitude while Figures 8-9, 8-13, 8§-17,
8-21, 8-25, 8-29, 8-33, 8-37, and 8-41 display the varlatlon of
FZF, the vertical hub force fourth harmonic amplitude.

It will be most instructive to discuss these figures according
to this last grouping, beginning with the equivalent lift-to-drag
ratio.

Fuselage upwash alone generally slightly increases L/DE regard-
less of flight velocity (Figure 8-6) or disk loading (Flgure
8-18). Wing plus fuselage upwash slightly decreares L/DE re-
gardless of flight velocity (Figure 8-10), but generally in-
creases it at low values of wing lift (Figure 8-22). There is
a significant increase in L/DE due to the upwash of the fuse-~
lage and auxiliary engines for all flight velocities (Figure
8-14) and for all values of the flat plate area opposing the
auxiliary engines (Figure 8-26). The upwash of fuselage, wing,
and auxlllary engines generally increases L/DE despite varia-
tion in flat plate area (Figures 8-30 and 8-34) or wing lift
(Figure 8-34). There appears to be little effect due to fuse-
lage upwash alone if the rotor size varies but ditk loading
remains constant (Figure 8-38). .
These results are not identical to those determined by B-6S.
The primary reason for the differences is probahly the fact
that the C-60 loads analysis performs calculations considerably
different from those in the B-65 performance analysis. The
dlgfergnces in these calculations were outlined ia Sections 4.1
an 4 .
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TABLE IV

FLIGHT CONDITIONS AND POTENTIAL FLOW MODELS
FOR LOAD ANALYSIS ILLUSTRATED COMPARISONS

FIGURES ~ FLIGHT CONDITIONS POTENTIAL FLOW MODEL ]
8-6 through 3-9 1 2 25 Fucelage only ¢
8-10 through 8-13 5 6 26 Fuselage and wing g
8-14 through 8-13 7 8 27 Fuselage and engines U
8-18 through 8-21 2 4 19 Fuselage only o
8-22 through 8-25 4% 6 20 Fuselage and wing o
8-26 through 8-29 q* 8 22 Fuselage and engines "
8~30 thiougn 8-33 6** 10 23 Fuselage, wing, and engines T
8-34 througn 8-37 4* 10 23 Fuselage, wing, and engines 3
8-38 through 8-41 2 12 24 : Fuselage only '

*Fuselage only **Fuselage and wing only




In contrast to its effect on L/DE, fuselage upwash alone in-
creases the pitch link load vibratory amplitude significantly
at high flight velocities (Figures 8-7 and 8-19). The fuselage
and engine upwash together produce the same result if the en-
gines are providing most of the forward thrust (Figures 8-15
and 8-27). The fuselage-plus-wing upwash increases the PLL
amplitude at all flight velocities (Figqure 8-11), and the addi-
tion of the engines does not generally change this result
(Figure 8-31). The fuselage-plus-wing upwash alone increases
the PLL amplitude at all values of wing iift (Ficure 8-23).

The addition of engines has the same effect, generally, if the
Jing Jift and engine thrust increase together (Figure 8-35).
With the fuselage alcne causing upwash, the PLL amplitude in-

. creases quickly with rotor size (Figure 8-39).

The effects of upwash on the vertical shear vibratory amplitude
at the flap hinge are somewhat similar to the effects on L/DE.
The fuselage upwash alone increases the vibratory amplitude at
all flight velocities (Figure 8-8), all disk locadings (Figqure
8-20), and all rotor sizes (Figure 8-40). The addition of up-
wash from the wing decreases the amplitude at all flight velo-~
cities (Figure 8-12) and all rotor if the wing lift is high,
but not otherwise (Figure 8-24). The fuselage-plus-engine up-
wash generally increases the amplitude at high but not at low
velocities (Figuie 8~16) and then only when the auxiliary
thrust is large (Figure 8-28). The upwash from the complete -
RSRA coniiguration generally increases the flap hinge vertical
shear vibratory amplitude (Figures 8-32 and 8-36), at least at
high values of auxiliary thrust.

The vertical hub force fourth harmonic amplitude (F2F) is de-
creased by fuselage upwash at high flight velocities (Figure
8-9). When wing upwash is added F2F is increased at all flight
velocities (Figure 8-13) but not all values of wing lift (Fig-
ure 8-25). The fuselage-plus-engine upwash decreases F2F at
all flight velocities (Figure 8-17) and all values of auxiliary
thrust (Figqure 8-29). The upwash from the fuselage alone de-
creases FZF for all values of disk loading (Figure 8-21) and
for all rotor sizes (Fiqure 8-41). The upwash from the com=-
plete confiquration denreases F2F at high values of auxiliary
thrust when the wing lift is also high (Figures 8-33 and 8-37).

It should be noted at this poirt that the flight conditions
labeled "LINEARITY CHECK" in Takle Il show that the results in
Figures 8-5 tihrough 8-41 are, in general, highly nonlinear.
This nonlinearity is most prominent in the variation of flap
hinge vertical shear vibratory amplitude. In fact, the ver-
tical shear vibratory amplitude appears to be lowest at these
"LINEARITY CHECK" flight conditions.
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Although curve crossings have not been specifically mentioned
as such, they appear in most of the figures which display
loads analysis results. They are prominent in those figures
which involve variatiors in flat plate equivalent area for
auxiliary thrust. Most of these iigures which displar loads
indicate that, in general, loads are decreased by
fuselage/wing/engine upwash at low values of fe, but are
increased at high values of fe.
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WITH UPWASH — — —
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ROTOR LIFT = 26,400 LB
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Figure 8—6. Variation of Equivalent Lift-to-Drag Ratio With Flight Velocity
From Loads Analysis. Rotor Lift, Gross Weight, and Rotor

Radius Are Held Constant. Numerals Nexr Symbots Indicate
Flight Condition.
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Figure 8-7 Variation of Pitch Link Load Vibratory Amplitude

With Flight Velocity From Loads Analysis. Rotor
Lift, Gross Weight, and Rotor Radius Are Held
Constant. Numerals Near Symbols Indicate
Flight Condition.
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Figure 8-8. Variation of Flap Hinge Vertical Shear Vibratory Amplitude
With Flight Velocity From Loads Analysis. Rotor Lift,
Gross Weight, and Rotor Radius Are Held Constant,
Numerals Near Symbols Indicate Flight Condition.
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Ly _ . Amplitude With Flight Velocity From Loads Analysis.
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S Held Constant. Numerals Near Symbols Indicate
S Flignt Condition.
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Figure 8-10. Variation of Equivalent Lift-to-Drag Ratio With Flight Velocity
From Loads Analysis. Rotor Lift, Gross Weight, Wing Lift, and
Rotor Radius Are Held Constant. Numerals Near Symbols
Indicate Flight Condition.,
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Figure 8 11. Variation of Pitch Link Load Vibratory Amplitude
With Flight Velocity From Loads Analysis. Rotor
Lift, Gross Weight, Wing Lift, and Rotor Kadius
Are Held Constant. Numerals Near Symbcls
Indicate Flight Condition.
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Figure 8-12 Variation of Flap Hinge Vertical Shear Vibratory
Amplitude With Fliaht Velocity From Loads Analysis.
Rotur Lift, Gross Weight, Wing Lift, and Rotor
Radius Are Held Constant. Nu..aerals Near Symbols
Indicate Flight Condition.
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Figure 8-13. Variation of Vertical Hub Force Fourth Harmoenic
' . _ Amplitude With Flight Velocity From Loads Analysis.
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Figure 8- 14, Variation of Equivalent Lift-to-Drag Ratio With Flight Velocity
From Loads Analysis. Rotor Lift, Gross Weight, and Equivalent
Flat Plate Area Are Held Constant. Numerals Near Symbols
Indicate Flight Condition.
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Figure 8 15. Variation of Pitch Link Load Vibratory Amplitude
With Flight Velocity From Loads Analysis. Rotor
Lift, Gross Weight, and Equivalent Flat Plate Area
Are Held Constant Numerals Near Symbols
Indicate Flight Condition.
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Figure 8-16. Variation of Flap Hinge Vertical Shear Vibratory
Amplitude With Flight Velocity From Lcads Analysis.
Rotor Lift, Gross Weight, and Equivalent Flat Plate
Area Are Constant. Numerals Near Symbols Indicate
Flight Conditicn.

48



SN

A

GROSS WEIGHT = 18,333 LB
ROTOR LIFT=18,3331LB 2
FLAT PLATE AREA = 229 FT

2,800
2,400 -

2,000 —

1,600 |- WITHOUT UPWASH
&0 @7/ WITH UPWASH ~— —— —

FZF-
LBS

1,200 |~

800 +—

400 |~

0 l 1 ! | L 1

100 110 120 130 140 150 160
FLIGHT VELOCITY - KNOTS

Figure 8-17. Variation of Vertical Hub Force Fourth Harmonic
Amplitude With Flight Velecity From Loads Analysis.
Rotor Lift, Gross Weight, and Equivalent Flat Plate
Area Are Held Constant. Numerals Near Symbols
Indicate Flight Condition.
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Figure 8—18. Variation of Equivalent Lift-t0-Drag Ratio With Disk Loading
From Loads Analysis. Flight Velocity and Rotor Radius Are
Held Constant. Numerals Near Symbols Indicate Flight
Condition,
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Figure 8-19. Variation of Pitch Link Load Vibratory Amplitude

With Disk Loading From Loads Analysis. Flight
Velocity and Rotor Radius Are Held Constant.

Numerals Near Symbols Indicate Flight Condition.
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7 Figure 8-20. Variation of Flap Hinge Vertical Shear Vibratory
Amplitude With Disk Loading From Loads Analysis.
Flight Velocity and Rotor Radius Are Held Constant.
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Figure 8~21. Variation of Vertical Hub Force Fourth Harmonic Amplitude With

Disk Loading From Loads Analysis. Flight Velocity and Rotor
Radius Are Held Constant. Numerals Nedr Symbols Indicate
Flight Condition,
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Figure B—~22. Variation of Equivalent Lift-to-Drag Ratio With Wing Lift From
Loacs Analysis. Rotor Lift, Flight Velocity, and Rotor Radius Are
Held Constant. Mumerals Near Symbeais Indicate Flight Condition.
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Figure 8-23. Variation of Pitch Link Load Vibratory Amplitude
With Wing Lift From Loads Analysis. Rotor Lift, .
Flight Velocity, and Rotor Radius Are Held Constant.
Numerals Near Symbols Indicate Flight Condition.
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Figure 8-24. Variation of Flap Hinge Vertical Shear Vibratory
Amplitude With Wing Lift From Loads Analysis.
Rotor Lift, Flight Velocity, and Rotor Radius Are
Held Constant, Numerals Near Symbols Indicate
Flight Condition,
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Figure 8—25. Variatior. of Vertical Hub Force Fourth Harmonic Amplitude With
Wing Lift From Loads Analysis. Rotor Lift, Flight Velocity, and
Rotor Radius Are Held Constant. Numerals Near Symbols
Indicate Flight Condition.
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Figure 8—26. Variation of Equivalent Lift-to-Drag Ratio With Flat Plate Area for

Auxiliary Thrust From Loads Analysis. Rotor Radius, Rotor Lift,
Gross Weight, and Flight Velocity Are Held Constant. Numerals
Near Symbols Indicate Flight Condition.
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T Figure 8 27. Variation of Pitch Link Load Vibratory Amplitude
With Flat Plate Area for Auxiliary Thrust From
. Loads Analysis. Rotcr Radius, Rotor Lift, Gross
< - Weight, and Flight Velocity Are Held Constant.
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Figure 8-28. Variation of Flap Hinge Vertical Shear Vibratory

Amplitude With Flat Plate Area for Auxiliary
Thrust From Loads Anzlysis. Rotor Radius, Rotor
Lift, Gross Weight, and Flight Velocity Are Held
Constant. Numerais Near Symbols Indicate Flight
Condition,
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. :_ Figure 8—29. Variation of Vertical Hub Force Fourth Harmonic Amplitude With
' Flat Plate Area for Auxiliary Thrust From Loads Analysis. Rotor
Radius, Rotor Lift, Gross Weight, and Flight Velocity Are Held
b Constant. Numerals Near Symbols indicate Flight Condition.
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Figure 8-32, Variation of Flap Hinge Vertical Shear Vibratory
Amplitude With Flat Plate Area for Auxiliary
Thrust From Loads Analysis. Rotar Radius, Rotor
Lift, and Flight Velocity Are Held Constant.
Numerals Near Symbols Indicate Flight Condition,
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Figure 8—33. Variation of Vertical Hub Force Fourth Harmonic Amplitude
With Flat Plate Area for Auxiliary Thrust From Loads Analysis.
Rotor Radius, Rotor Lift, and Flight Velocity Are Held
Constant. Numerals Near Symbols Indicate Flight Condition.
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Figure 8-36. Variation of Flap Hinge Vertical Shear Vibraory
Amplitude With Flat Plate Area for Auxiliary
Thrust and Wing Lift From Loads Analysis. Rotor
Lift, Flight Velocity, and Rotor Radius Are Held
Constant. Numerals Near Symbols Indicate Flight
Condition,
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Figure 8-37. Variation ¢! Vertical Hub Force Fourth Harmonic Amplitude With
Flat Plate Area for Auxiliary Thrust and Wing Lift From Loads

Analysis. Rotor Lift, Flight Velocity, and Rotor Radius Are Held
Constant. Numerals Near Symbols Indicate Flight Condition.
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Figure 8-41. Variation of Vertical Hub Force Fcurth Harmonic Amplitude With
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Loading Are Held Constant. Numerals Near Symbols indicate
Flight Condition.
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L 9.0 CONCLUSIONS AND RECOMAENDATIONS y

- It is obvious from the discussion and figures in Section 8.0
v that the effects of upwash on the fuselage, wings, and/or en-
gines of the RSRA reflect complicated flow interactions, not

always lending themselves to simple or straightforward inter-
pretation.

At any rate some generalizations can be stated. Upwash from
. the fuselage and auxiliary engines decreases the required rotor
o power and increases L/DE and the flap hinge vertical shear vib-
—_ ratory amplitude. The tip elastic twist deflection is most
SN influenced by fuselage/wing/engine upwash at high as opposed to
o low flight velocities. Wing upwash decreases T,/To and Q.,/Q0.

e ~ Fuselage/wing/engine upwash changes Ts/To mainly at high flight . \s
St velocities and decreases Qg/Qo mainly at low flight velocities. ;
o The PLL amplitude is increased by fuselage/wing/engine upwash. o
. Fuselage/wing upwash increases FZF, while fuselage or fuselage/ 2
1L engine upwash decreases it. v
\{\\l . . 3
A It is recommended that follow-on work focus on the interpreta-
S tion of these effects. :
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APPENDIX A

Potential Flow Mcdel Coordinates

This appendix contains the point coordinates which define the
fuselage, wings, engines, fuselage wake, and engine exhausts
as they occur in the six potential flow models used in this
study. The point coordinates are contained in the input data

sets used by the potential flow program, TEA-230, to determine

the velocities induced by the fuselage/wings/engines at the
rotor blade locations. The six input data sets, one for each
potential flow model, are renroduced in this appendix.

The title in the second line of each data set identifies the
potential flow model involved. Those models involving wings
will have a wing incidence of 0° unless another incidence 1s
indicated in this line.

The first line of each data set contains the word "CASE." The

ninth line contains the first of the sets of point ccordinates.

These coordinates are, in order, station, huttline, waterline.
They are all in inches and they define, for gpurposes of the
potential flow program, the corners of quadrilaterals f{rom
which source panels are made. The product of the first two
numbers in the eighth line indicates the number of sets of
coordinate points that follow before another line similar to

the eighth line is encountered. The number of groups indicated
by lines similar to the eighth line is designated by the number

in the seventh line. The totality of point coordinates defin-
ing the corners of quadrilaterals from which source panels are

made is followed by another word, either YEND" or "MULT." Most

data following either of these words refer to vortices or ref-
erence dimensions. -
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148.89999
129.89999
110.79999
91.79¢°%¢99
72.799,:9%
72.79999
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110.79999
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148.89999
1648.89999
72.79999
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91.79999
110.79999
129.89999
1648.89999
1643.89999
76.39999
74.39999
92.59999
110.79999
129.30000
147.29999
167.2999%
77.79999
77.79999
$6.39999
110.79999
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209.29999
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209.2999%
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
271.00000
271.00000
271.00009
271.00000
271.00000
271.00000

271.00000

-32./0000
-24.50000
-7.87174
0.0
~-21.00000
-23.00000
-28.00000
-23.00000
-21.00000
0.0
0.0
-13.50000
-13.00000
-18.00000
-13.00000
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0.0
-21.89999
-20.20000
~22.00000
-22.000¢C0
-21.09999
-14.60000
6.0
-22.70000
-22.70000
=22.70900
-22.72000
=-22.70000
~19.59999
6.0
=-22.70000
-22.70000
=22.70000
=-22.70000
~22.70000
-19.5993%9
0.0

127.20000
143.65999
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81.29999

81.299%99
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110.79999
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139.59999
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110.79999
120.89999
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89.8%999
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100.39999
110.79999
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131.00000
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1483.89999
1643.89999
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1483.39999
148.896/9
1648.89959
148.89399
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161.39999
163.59999
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1648.39999
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166.3%99%9
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181.29999
181.29999
181.29999
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300.00000 ~22.70000 143.39999
300.00000 -22.70000 163.00000
300.00000 -22.70000 173.29999
300.90009 -22.70000 184.79999
300.00000 -22.70000 193.79999
300.00000 =-19.59999 193.79999
300.0000¢0 6.0 193.79999
348.60010 ~19.59109 148.89999%
348.600610 -19.59129 163.59999
348.60010 ~-19.59109 1764.59999
343.60010 -19.59109 186.89999
348.60010 ~-19.59109 196.3999¢
3648.60010 -16.89999 196.39999
343.60010 0.0 156.39999
376.60010 ~17.79999 148.89999
376.66010 -17.79999 161.00000 .
376.60010 =17.79999 170.09999 -
376.60010 =17.79999 180.29999
EIECI 376.60010 ~17.79999 1388.09999
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- 391.69995 -15.70000 158.29999 .
391.69%95 -15.70000 166.50080 ;
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500.00000 J.0 139.59999
530.00000 6.0 139.59999
500.00000 0.0 139.59999
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— 500.00000 0.0 139.5%999
500.00000 6.0 139.59999 i
500.00000 g.¢ 139.59999 |
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209.3  38.9 110.8
- 209.3  38.9 91.8
o 27.3  25.2 72.8
/ 209.3 0. 72.8
S 222.3 22.7 148.9
222.5 29.2 148.9
222.3  38.9 129.9
222.3  33.9 110.2
222.3  38.9 91.8
222.3  29.2° 72.8
222.3 O. :.8
271. 22.7 148.9
271. 29.2 168.9
; 271. 38.9 129.9
foay 271. 38.9 110.8
L 271. 38.9 91.8
Ay 271. 29.2 72.3
AN 271. 0. 72.8
AR 6. 4.
K 271. 22.7 148.9
’ 271. 29.2 1648.9
. 271. 38.9 129.9
/ 271. 38.9 110.8
N 271. 38.9 9:.8
s 271. 29.2 72.3
l 20. 22.17 148.9
r 29.2 148.9
u. 38.9 129.9
300. 33.9 110.8
_ 300. 38.9 91.8
iy 300, 38.y 8s.
; 376.6  17.8 148.9
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i 376.6 38.9 129.9
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! 376.6  38.9 85.
, 391.7 15.7 1%7.3
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126.9000
120.9000
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120.9000
7.0
120.9000
120.9000
120.9000
120.%000
120.5000
120.9000
120.5000
133.0008
133.0000
133.0000
133.0000
133.0000
133.0000
133.0000
175.3000
175.3000
175.3000
175.3000
175.3000
175.3000
175.3000
209.3000
209.3000
209.3000
209.3000
209.3000
209.3000
209.3000
222.3000
222.3000
222.3000
222.3000
222.30¢00
£22.3008
222.3000
271.0000
271.0000
271.08000
271.0000
271.0008
271.0000
271.
6

271.0000
271.0000
271.0000
271.0000
271.0000
271.0000
300.
300.
3o00.
300.
300.
300.

=37.8000

-37.8000
-28.4

-0.0000
6

-0.0000
-28.4000
-37.80040
-37.8000
-37.3000
-28.4000

-0.0000

-0.0000
-29.2000
=-35.9000
-38.9000
~38.9000
-29.2000

-0.0000

-0.0000
-29.2000
-38.9000
-33.9000
-33.90090
=29.2000
-12.1000

-0.0000
-29.2000
-38.9000
-38.9000
-38.9000
=-29.2000
-21.9000

-0.0000
=-29.2000
~38.9000
-38.9000
-33.9000
-.9.2000
-22.7000

~0.0000
-29.2000
-33.5000
-38.9000
-38.9000
-29.2000
-22.7
4.
-29.2000
-38.9000
~-38.9000
~38.9000
=-29.2000
~22.70040

108.

136.7
147.6000

764.8000
76.3000

1648.9000
1683.9000
72.8000
72.8000
91.3000
110.8000
129.9000
148.9000
148.9000
72.8000
72.8000
91.8000
110.8000
129.9000
148.9000
1483.9000

72.8
91.8
110.8¢608
129.9000
148.9000
148.9000
85.

91.8
110.8
129.9
148.9
1648.9
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376.6 ~-38.9
376.6 -38.9
376.6 ~38.9
376.6 -38.9
376.6 ~-29.2
376.6 -17.8
391.7 -28.
391.7 -37.3
391.7 ~-37.3
391.7 ~-37.3
3%1.7 -28.
;91. -15.7
391.7000 -0.0000
391.7000 -~-28.0000
391.7000 -37.3000
391.7000 =37.3008
391.7000 -37.3000
391.7000 =-28.0000
391.7000 -15.7000
645.7000 -0.0000
445.7000 =24.5000
445.7000 -32.7000
4645.7000 <-32.7008
4645.7000 -32.7000
445.7000 <-26.5000
€45.7000-7.871745
500.0000 -0.0000
500.0000 -21.0000
500.0000 =-28.0000
500.0000 =~-28.0000
500.0000 -23.C000
500.0000 =-21.0000
500.0000 ~-0.0000
600.0000 -0.00¢00
606.0000 =-13.5000
600.0000 -18.0000
600.0000 -13.0000
600.0000 ~-18.0000
€00.0000 -13.5000
600.0000 -0.0000
1000.04000 -0.0800¢
1000.0000 <~13.5000
1000.0000 -18.0000
1000.0000 ~-13.0000
1000.0000 -18.0000
1000.0008 =~13.500¢C
1000.0000 -0.0000
7.0 10.0
133.0000 -0.0000
133.0000 -0.000¢0
133.0000 -0.0000
133.0000 -0.0000
133.0000 -0.0000
133.0000 -0.0000
133.0000 ~0.3000
175.3600 =-12.1000
175.3000 ~-12.1000
175.3000 -12.1000
175.3000 ~-12.10090
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147.3000
147.3000
77.8000
77.8000
94,4000
110.8000
127.2000
1643.6600
143.4600
g1.3000
31.3000
96.20090
110.3060
125.4000
139.6000
139.6000
39.9%000
39.9%000
100.4000
110.80090
120.9000
131.0000
131.0000
89.9000
89.9000
100.4000
110.8000
120.9000
131.0000
131.0000

1648.9000
143.9000
148.9000
148.5%000
163.5000
1483.9000
145.5000
143.%000
153.8000
157.4G00
161.4000
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175.3000
175.3000
175.3000
209.3000
209.3000
209.3000
209.3000
209.3000
209.3000
209.3000
222.3000
222.3000
222.3000
222.3000
222.3000
222.3000
222.3000
271.0000
271.0000
271.0000
271.0000
271.0000
271.0000
271.0000
300.0000
306.0000
300.0000
300.0000
306.0000
300.0000
300.0000
3648.6001
Ja2.6001
348.6001
343.6001
348.6001
348,6001
368.6001
376.6001
376.6001
376.6001
376.6001
376.64001
376.6001
376.6001
391.7000
391.7000
391.7000
391.7000
391.7000
391.7000
391.7000
500.

500.

500,

500.

500.

500.

500.

17.

-11.7000
-3.1000
-0.0000

-21.9000

-20.2000

~22.0000

-22.0000

-21.1000

~14.6000
-0.0000

-22.7000

-22.7000

=-22.7000

-22.7000

~22.7000

-19.6000
-0.06000

=-22.7000

-22.7000

-22.7000

-22.7000

=-22.7000

-19.6000
-0.0000

-22.7000

-22.7000

~-22.7000

=-22.7000

-22.7000

~-19.6000
-0.0000

-19.5911

-19.5911

=-19.5911

-19.5911

-19.5911

-16.9000
-0.0000

-17.3000

-17.8000

~17.8000

-17.8000

-17.5000

-15.3000
-0.0000

-15.7000

-15.7000

-15.7000

-15.7000

-15.70C0

-13.5000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0000
-0.0900
~0.0600

163.6000
165.9000
165.9000
1643.9000
157.8000
1664.3000
171.6000
175.5000
179.7000
179.7000
1648.3000
158.9000
166.4000
1764.8000
181.3008
181.3000
131.3000
148.5000
161.4000
170.70006
181.1000
189.2000
189.2000
189.2000
148.9000
163.0000
173.3000
184.8000
193.3000
193.8000
193.8000
148.5000
163.6C00
1764.60080
186.9000
196.4000
196.4000
196.4000
145.5%000
161.0000
170.1000
180.3000
138.1000
138.1000
188.1000
147.3000
158.3000
166.5000
175.8000
182.9000
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56.65
55.71

71.07
75.35

81.52
79.13

73.81
71.32

68.76
67.99
638.12
70.17
72.92
73.68
76.28
80.28
84.06
86.06
85.644
33.81
81.67
79.32
76.41
74.01
72.63
71.51
70.79
70.%1
72.89
75.55
76.23
78.89
82.74
86.39
88.3

87.72
86.15
84.09
31.82
79.01
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298.24
305.13
314,27
327.95
3646.23
364.63
383.16
381.52
363.91
3646.17
328.32
314.91
305.98
299.33
294.95
292.99
295.48
299.95
306.57
315.35
328.49
346.05
363.73
381.52
379.88

76.69
75.36
74.29
73.59

90.56
25.49

79.38

77.06
76.39
76.5

78.34
30.81
81.49
36.1

87.67
91.05
92.852
92.28
90.82
88.91
86.81
34.21
82.06
806.83
79.83
79.19
79.29
81.06
83.446
834.1

36.7

98.13
93.38
$5.08
94.56
93.16

191.33

89.31
86.81
84.75
83.56

81.¢7
82.09
23.79
36.07
86.7
89.3
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17.0
391.3601
369.1799
347.1399
325.2500
308.8701
297.9199
289.6699
284.0501
230.9800

264.59
266.42
264.2
264.13
19.0
-56.6500
-56.7400
-57.0600
-57.3000
=57.3200
~57.2300
-56.1000
=-56.9300
-56.6400

92.59
95.71
97.36
96.34%
95.5

93.74
91.8

89.4641
87.43
86.3

85.38
84.78
84.88
86.51
28.7

89.3

51.91
95.06
98.04
99.6

99.13
97 .84
96.15
94.3

92.01
90.12
39.03
88.15
37.58
87.638
89.23
91.33
91.91
94.51

97.52
100.37
101.86
101.41
100.18
98.57
96.8

94.61
2.8

91.76
90.92
90.38
90.647
91.96
93.96
94.51

71.0700
70.2900
67.4400
65.3200
65.2000
65.9700
67.1500
68.6400
71.2100
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283.4299
238.8899
297.1899
308.3101
325.04080
367.2900
369.3999
391.3601
389.7200
368.2700
346.9608
325.7900
309.9500
299.3601
2%91.379¢%
285.9900
282.9800
285.3501
290.6299
298.6499
309.4099
325.5901
347.1101
368.64300
389.7200
388.0801
367.3601
366.7800
326.3301
311.0300
300.8000
293.0901
287.889%
2864.9200
287.2700
292.3701
300.1201
310.5100
326.1299
346.91%9
367.5701
388.0801
386.4399
366.4500
346.5901
326.8701
312.1101
302.2500
294.8101
289.7900
286.9800
289.1899
296.1101
301.5901
311.6101
326.6799
366.7300
366.6499
386.4399
384.8000

-56.2908
~-56.0000
-55.7400
~55.5508
-55.4700
-55.71080
-56.1700
-56.6500
-79.7100
-79.7900
-30.1000
~80.3300
~80.3500
-80.2600
-380.1300
-79.9700
~79.6900
-79.3500
-79.0800
-783.8300
-78.6400
-78.5700
~78.8000
-79.2400
=79.7100
~102.7600
-102.8400
-103.1400
-103.3790
-103.3800
-103.3000
-103.1700
-103.0200
-102.7500
-102.4200
-102.1500
-101.9100
-101.7300
~101.6600
-101.8800
-702.3100
-102.7600
-125.8100
-125.8900
-126.1800
~126.4000
-126.4100
-126.3300
-126.2100
~126.0600
-125.8000
~125.4800
-125.2300
«-124.95900
-126.8200
-126.7500
~-1264.9700
-125.3300
-125.8100
~1648.3700

74.3200
76.3600
79.1300
80.8800
81.5200
79.4000
75.3500

71.8700

73.6800
72.9200
70.1700
63.1200
67.9900
68.7400
69.9000
71.3200
73.8100
76.8200
79.2600
81.4700
83.1600
83.7800
81.7300
77.8109
73.46300
76.2309
75.5508
72.8940¢0
70.9100
70.790¢
71.5100
72.6300
74.0100
76.64100
79.3208
81.6700
83.8100
85.4400
86.0400
84.0600
80.2800
76.2800
78.39¢00
78.1800
75.6200
73.7100
73.5%00
74.2900
75.3600
76.6900
79.0100
81.8200
84.0908
86.1500
87.7200
88.3000
86.3900
82.7400
78.8900
81.4900

95

ORiGeNAL PAG §5
OF PooR QUALITY



L~

113

365.5400
346.64099
327.4099
313.1899
303.6899
296.5200
291.6799
288.9800
291.1101
295.8501
303.0500
312.7109
327.2300
346.5500
365.7400
384.8000
383.1599
364.6299
346.2300
327.9500
314.2700
305.1. "9
298.327,8
293.:x.01
290.9900
293.0300
297.5901
304.5200
313.8101
27.7300
346.3601
364.8201
383.1599
381.5200
363.7300
346.0500
323.44%00
315.3501
306.5701
299.9500
295.4300
292.9%0¢0
294.9500
299.33¢01
305.9800
314.9099
328.3201
346.1699
363.9099
381.52¢00
379.8799
362.8201
345.8701
329.0300
316.4299
308.0100
301.6699
297.3799%
296.9900
296 .R701

-1648.9400
-149.2200
=149,6300
-149.4400
-149.3700
-1649.2500
=149.1100
~1483.8500
-148.5500
-148.3000
-148.0300
-147.9100
~147.8400
=-14¢8.0500
-148.4500
-143.83700
~171.9200
=-171.9900
=172.2600
~172.4600
~172.4700
-172.64000
-172.2900
-172.1500
-171.9100
-171.6108
-171.3300
-171.1600
-171.0000C
-170.9300
-171.1300
-171.5200
-171.9%200
-196.970G
=-195.0400
-195.3000
-195.4900
-195.5100
~195.4400
=-195.3300
-195.1900
-194.,9600
-194.6800
~1964.4500
=194.2400
-194.0900
-194.0300
-194.2200
-194.5900
~194.5700
-218.0300
-218.1000
-218.3400
~218.5300
-218.5400
=-218.4700
-218.3700
~218.2400
-218.0200
=217.7400

80.8100
78.364080
76.5000
76.3900
77.0600
78.1000
79.3800
81.6100
84.3100
86.5000
88.4900
90.0030
90.5600
28.7200
85.2000
£1.6900
84.1000
83.64400
81.0600
79.2900
79.1900
79.8300
30.3300
82.0600
84.2100
86.8100
38.9100
90.8200
§2.2300
92.8200
91.0500
£7.6700
834.1000
86.7000
86.0700
83.7900
§2.0900
81.9300
32.6000
83.5600
84.7500
86.8100
89.3100
91.3300
93.1600
94.5600
95.0800
93.3800
90.1300
86.7000
39.3000
88.7000
86.5100
24.8800
84.7800
35.3800
86.3000
87.64300
89.64100
91.8000
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301.0701
307.4500
316.0100
328.8701
345.9900
362.9908
379.8799
378.2400
361.9099
345.6899
329.5701
317.5100
309.4500
303.3799
299.2300
296.9900
298.7900
302.8101
308.9199
317.1101
329.4199
345.8000
3J62.0701
378.2400
376.6001
361.0000
345.5100
336.1101
318.5901
310.8999
305.0901
301.1699
298.99%00
306.7100
304.5500
310.3799
318.2100
32%.9700
345.6101
361.1599
376.6001

271.
2564.09
289.67
297.92
303.87
325.25
347.14
391.7
271.
284.09
289.67

2

-217.5300
-217.3300
~217.1800
-217.1200
-217.3000
-217.6600
-218.0300
-261.0800
-241.1500
-2641.3300
=-241.5600
-241.5700
-241.5000
-241.4100
-241.2800
-240.0700
-240.8100
=-240.6000
=-240.4100
-240.2700
-260.2100
=-240.3900
-2640.7200
-241.0800
-2664.1299
=-264.2000
=264.64199
-264.5901
-264.6001
=264.5400
-2664.4399
~264.2301
-266.1201
-263.8799
~263.6799
-263.4900
-263.3501
-263.3000
-263.64700
-263.7900
-264.129%

NNNNOOOODODOOO-.
OOOD? & o ¢ 0 s o

ORIGHAL

OF Poog

93.7400
95.5000
96.8400
97.3400
95.7100
$2.5900
89.30090
91.9100
91.3300
89.2300
87.6800
87.5800
88.1500
89.0300
90.1200
92.0100
94.3000
96.1500
97.8400
99.1300
99.6000
98.0400
95.0600
91.9100
94.5100
93.9600
91.9600
90.4700
90.3300
90.9200
91.7600
92.8600
94.6100
96.8000
98.5700
100.13800
101.64100
101.8600
100.3700
97.5200
94.5100

72.8

- I o
PAGE is

QUALITY

97



= L

367.1399
325.2500
308.8761
297.919¢%
289.6659
284.0901

325.04
308.31
300.
239.
282,
271.
286.09
289.67
297.92
308.87
325.25
347.16
369.18
391.7
391.36
369.4
147.29
325.04
308.31
297.19
288.39
223.43
280.98
284.09
289.67
297.92
308.87
- 325.25
347.14
369.18
391.36
17.0
391.7000
369.1799
347.1399
325.2500
308.8701
297.3199
289.6699
2846.0901
271.0000

-0.0000
-0.0000
-0.0000
-0.00C0
=0.0000
-9.0000
-0.0000

~29.2000
=-29.2000
~29.2000
-29.2000
-29.2000

2.

28.

38.9

38.9

38.9

38.9

38.9

35.22069

32.87931

29.2

55.74
56.
56.29
56.6¢
56.9)
56.1
57.23
57.32
57.3
57.06
56.74
56.65

2.0
-28.0000
~28.6065
=-29.2000
=-29.2000
~29.2000
-2¢.2008
-29.2000
~29.2000
=-29.2000

67.
65.
65.
65.
67.
68.
72.
76.
67.
65.
65.
65.
67.
68.

4430
3200
2009
9700
1600
6400
2000
4

4400
3200
2000
9700
16006
6400

72.8000

76.4
85.
85.
85.
85s.
85

80.372641
77.42759

72.8

63.6%
67.16
65.97
65.2

65.32
67.44

70.88251

74.4

71.07
75.35
79.6

81.52
380.33
79.13
76.86
74.3¢
71.21
63.64
67.16
65.97
65.2

65.32
67.6%
70.29
71.07

76.
70.
L4400
.3200
.2000
.9700
.1600
.6400
.5ooa

~wNoonohovaNOn
[N R AV, R R )

4000
8825
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282.40000
28%.0008
300.0000
308.3101
325.06400
67,2500
376.6001
391.7000
391.3601
269.1799
3647.1599
325.2500
308.8701
297.9199
289.6699
284.0901
280.9800
283.4299
288.8899
297.1899
308.3101
325.0400
347.2900
369.3999
391.3601
MULT
2.
11.
285.35
290.63
298.65
309.61
325.59
347.11
368.48
389.72
411.29
454.51
9100.
287.27
292.37
300.12
310.51
326.13
3646.92
367.57
368.08
408.92
450.66
5000.
289.19

311.61
326.68
346.73
366.65
386.44
406.54
646,81

~-32.8793
-35.2207
-3R.9000
~38.9000
-38.9000
-38.9000
-38.9000
-28.0000
~56.6500
-56.76400
~-57.0600
-57.3000
-57.3200
-57.2300
-56.1000
-56.9300
~56.6400
-56.2900
-56.0000
~55.7400
-55.5500
~55.4700
=55.7100
-56.1700
-56.6500

77.64276
80.3724
85.0000
85.0000
85.0000
85.0000
85.0000
74.4000
71.0700
70.2900
67.464400
65.3200
65.2008
65.9700
57.1600
68.6400
71.2i00
74.3200
76.8400
739.1300
S0.8800
81 5200
79.4000
75.3500
71.0700
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: 9000, 125.81 -160.15
: 291.11 168.3 82.08
3 295.35 148.77 82.39
E 303.05 148.72  82.82
312.71 148.67 83.21
327.23 148.66 83.53
346.55  148.64  83.54
365.74 168.7 23.01
386.8 163.87 81.49
406.17 148.37 79.57
462.96 143.87 77.94
9000. 148.27 -157.61
293.03  171.86 84.67
297.59 171.82  84.96
304.52 171.78  85..7
313.81 171.73  85.75
; ; 327.78 171.7 86.06
; 346.36 171.7 36.07
¥64.82 171.76 35.56
323.16 171.92 86.1
481.79  171.52  82.63
639.11 171.92 80.68
9000. 171.92 ~156.67
296.95 1964.91 37.25
299.53 196.88  87.53
305.98 196.864 87.93
314.91 194.79  32.29
323.32 196.76 38.58
1 346.17 194.76 88.59
363.91 196.82  g8.1
; 381.52 194.97 26.7
399.41 194.97 85.29
435.26 194.97 61

e ———
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329.91 261.66 95.91
345.63 261.66 95.92
361.25 261.69 95.49
376.76 261.83 94.25
392.52 261.83 $3.01

424.1 261.83 91.36 .
©000. 261.83 -1643.98
.3501;2 .085453 .120618 . .172921 .262018 .219928
- .1088
388.93 91.17 764.97 .07889 -.10£36 .99119
387.29 114.22 77.58 .07889 -.10:36 . 99119
385.64 137.27 80.18 .07389 =.18:36 .99119%
384, 160.32 82.78 .078289 -.10:36 .99119
362.36 183.37 85.39 .07889 -.18436 99119
380.72 206.42 87.99 .07889 =.18336 . 99119
379.08 229.47 $0.59 .07889 -.1L:36 99119
377.64 252.52 93.2 .073889 =.18¢836 99119
11. 9. 7. 1. 10. 0.
285.35 -79.63 74,34
290.63 =79.59 764.68
298.65 =79.564 75.16
309.41° =79.49 75.6
325.59 =79.45 75.95
3647.11 =79.45 75.96
368,68 -79.52 764,37
389.72 =79.71 73.68
411.29 =79.71 71.98
454.51 =-79.71 63.72
$000. =79.71 =165.62
207.27 -102.69 76.92
252.37 -102.65 77.25
300.12 -102.6 77.71
310.51 -162.55 78.13
326.13 ~102.51 78.648
3646.92 -102.51 78.49
367.57 -102.58 77.92
388.08 -102.76 76.28
408.92 -102.76 76.64
450.66 -102.7¢6 72.46
9000. =-102.76 -162.88
289.1¢ -125.74 79.5
296.11 -125.71 79.82
301.59 -125.66 80.26
311.61 -125.61 80.67
326.68 -125.57 81l.
346.73 -125.57 81.01
. 366.65 -125.64% 30.46
386.44 -125.81 78.89
406.54 =-125.381 77.31
666.81 -125.81 75.2
5000. -125.31 -160.15
. 291.11 -148.8 82.08
295.85 -148.77 32.39
303.05 =148 2 82.82
312.71 -148.67 83.21
327.23 -1648.64 83.53
366.55 -148.64% 83.54
365.74 -148.7 33.01
386¢.8 -148.87 81.49
4064.17 -148.87 79.97
101
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-148.87
-1648.87
-171.86
-171.82
-171.78
-171.73
-171.7

-171.7

-171.76
=-171.92
-171.92
-171.92
=-171.92
=194.91
~194.88
-196.84
~196.79
=194.76
=196.76
-194.82
-196.97

- =196.97

~196.97
=-196.97
-217.97
-217.%4
-217.89
~217.85
-217.82
~217.82
-217.87
~218.03
-218.03
-218.03
=-213.03
=-241.02
-240.99
=240.95
~2640.92
-2640.89
~2640.88
~24¢0.93
-261,08
-2641.08
~261.08
-241.08
-261.77
=-261.75
=261.71
-261.67
=-261.6%
-261.64%
=261.69
~261.83
-261.83
-261.83
-261.83
085453

-91.17

77.9%4

-143.98
.120618

74.97

A e e e e

.172921
.0738%

.262C13
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387.29 -114.22 77.58 .07839 .10636 .99119
385.66 -137.27 30.13 .07389 .10636  .99119
334. ~-160.32 82.78 - .07889 .10636 .99119
382.36 -183.37 85.39 .07889 .10636 .99119
330.72 -206.62 87.99 .07889 .10636  .99119
379.08 -229.47 90,59 .07389 .10636  .99119
377.64 -252.52 93.2 .07889% .10636 .99119
B-MU :
2. :
11. 3. 7. 1. 10. 6.
283.43 0. 71.76
282.89 9. 72.11
297.19 0. 72.6
308.31 Q. 73.06
325.04 0. 73.62
347.29 0. 73.43
369.4 8. 76.
392.0323 0. 77.65445
413.67 0. 100.
458.36 0. 120.
90040. 0. -115.342%
283.43 56.58 71.76
283.89 56.5¢% 72.11
297.19 56.48 72.6
308.31 56.43 73.06
325.04 56.39 73.42
347.29 56.39 73.43
369.4 56.46 72.862
391.36 56.65 71.07
413,67 56.65 69.32
458.36 56.65 66.93
9300. 56.65 -168.36
225.35 79.63 76.36
298.63 79.5 74.68
298.65 79.54 75.16
309.61 79.4% 75.6
325.59 79.4% 75.95
367.11 79.45 75.96
368.48 79.52 75.37
389.72 79.71 73.68
411.29 79.71 71.98
454.51 79.71 69.72
9000, 79.71 -165.62
.gggégz .085453  .120618  .172921 .262018 .219928
390.57 68.12 72.37 .07889 ~.10636 .99119
11. 3. 7. . 10. .
: 283.43 0. 71.76
288.89 0. 72.11
297.19 g. 72.6
508.31 0. 73.06
325.04 0. 73.42
3647.29 0. 73.43
369.4 0. 76.
392.0323 0. 77.65445
413.67 0. 100.
458.36 0. 120.
9000. 0. -115.3426
283.43 -56.58 71.76
258.89 ~56.54 72.11
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297.19 ~56.643 72.6

308.31 -56.43 73.06

325.04 -56.39 73.42

347.29 =-56.39 73.43

369.4% ~-56.46 72.82

391.36 -56.65 71.07

613.67 -56.65 69.32

458.36 -56.65 66.93

9000. -56.65 -168.36

285.35 -79.63 74,34

290.63 -79.59 74.68

298.65 =79.54 75.16

309.41 =79.49% 75.6

325.59 =79.45 75.95

347.11 -79.45 75.96

368.43 -79.52 75.37

389.72 -79.71 73.68

411.29 =79.71 71.98

454.51 =-79.71 69.72

9000. -79.71 -165.62

.gggé;z .085453 .120618 .172921 .262018 .219928
g?g.57 -68.12 72.37 .07889 10636 99119
. ‘ .

AERQ

5. . g.

FORC

307.5 0. 75.52 52112. 98.1 531.2 0.
END ’
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CASE
RSRA FUSELAGE AHD ENGINES . :
J D COWAN BOEING VERTOL ORG 76440 %7834 M/S P32-74

GEOM
3.00000 400. 1. -1. : .
SOUR
8.0
7.08 4.00
36.00000 0.0 95.89999
36.00000 8.0 95.89999
36.00000 6.0 95.89999
36.00000 6.0 95.89999
36.00000 0.0 95.89999
36.00000 8.0 95.89999
36.00000 6.0 $5.89999
58.79999 6.0 110.20000

58.79999 16.89999 108.09999
58.79999 22.50000 106.00000
58.79999 22.50000 96.20000
58.79999 22.50000 B86.39999
58.79999 16.89959 82.29999
58.79999 0.0 82.29999
31.50000 0.9 119.89999
81.50000 22.09999 116.39999
0000 29.50000 113.00000
0000 29.50008 99.00000
0000 29.50000 85.00000
0000 22.09999 78.09999
0000 0.0 78.09999
120.89999 0.0 147.59999
120.89999 28.39999 136.70000
120.89%99 37.79999 125.89999
120.839999 37.7%999 108.00000
120.89999 37.79999 90.70000
120.89999 28.39999 74.79999

Ol ln
1=t 4ot Pt Pt Pt
e e b o o

120.89999 0.0 74.79999
7.00 3.00
120.89999 0.0 147.59999

120.89999 28.39999 136.70000

120.89999 37.79999 125.89999

120.89999 37.79999 108.00000

120.89999 37.7999% 90.70000

) 120.89999 28.3999%99% 76.79999

* 120.89999 8.0 76.79999

133.00000 .0 148.89999

3.00000 29.20000 148.89999

.00000 383.89999% 129.29999
00000 33.89999 110.75999 ;
00000 38.89999 91.79999 >

.00000 29.20008 72.79%99

00000 0.0 72.79999

.29999 12.10000 143.89999

5.29999 29.20090 148.8993%9

175.29999 38.39999 129.89999

175.29999 38.89999 1106.79999

175.29999 38.89999 91.79999
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175.29999
175.29999
209.29999
209.29999
209.29999
209.29999
209.29999
209.29999
209.29999
222.2999%
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
271.00000
271.00000
271.00000
271.00000
271.00000
271.00000
271.00000
300.00000
300.00000
300.00000
300.00000
300.00000
300.00000
300.00000
376.59985
376.59985
376.59985
376.59985
376.59985
376.59985
376.59985
391.69995
391.69995
391.69995
391.69995
391.69995
391.69995
391.69995
445.69995
445.69995
6645.69995
445.69995
445.69995
4645.69995
645.69995
500.00000
500.00000
500.0000¢
500.00000
500.00000
500.00000
500.00000
600.00000
600.00000

29.20000

0.0
21.89999
29.20000
38.89999
38.89999
38.89999
29.20000

0.0

22.70000
29.20000
38.89999
38.89999
38.8999%
29.20000
0.0
22.70000
29.20000
38.89999
38.89999
38.89999
29.20000
0.0
22.70000
29.20000
38.89999
38.89999
38.89999
29.20000
0.0
17.79999
29.20000
38.89999
38.89999
38.89999
29.20000
0.0
1..70000
28.00000
37.29999
37.29999
37.29999
28.00000
0.0

7.87176
24.50000
32.70000
32.70000
32.70000
24.50000

0.0

6.0
21.00000
23.00000
24.00000
25.00000
21.000400

2.0

c.0
13.5¢0000

72.79999
72.79999
148.89999
148.89999
129.89999
110.79999
91.79999
72.79999
72.79999
1648.89999
148.89999
129.89999
110.79999
91.79999
72.79999
72.79999
148.89999
1648.89999
129.89999
110.79999
91.799%9
72.79999
72.79993
148.89999
148.89999
129.89999
110.79999
91.79999
72.79999
72.79999
1648.89999
148.89999
129.89999
110.79999
91.79999
72.79999
72.79999
147.29999
147.29999
129.00000
110.79999
92.59999
76.39999
76.39999
143.45999
1643.45999
127.20000
110.79999
94.39999
77.79999
77.79999
139.59999
139.59999
125.39999
110.79999
96.20000
81.29999
21.29999
131.00000
131.00000
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222.2999%
222.29999
222.29999
222.29999
222.29999
222.29999
222.2999%
271.00000
271.00000
271.00000
271.00000
271.000090
271.00000
271.00000
300.00000
300.00C00
300.00000
300.00000
Jog.c000¢
300.00000
30c.00000
348.59985
348.59935
368.59985
348.59985
348.59985

18.00000
18.00000
18.00000
13.50000

6.0

0.0
13.50000
18.00000
13.00000
18.00000
13.50000

6.9

e
(-]
.

(-]
(-]

Or-etrt pt et U O O0ODODO0OODO

« o s s s »

SONNNNFDOOOOOOOOOOO

.60000

20.20000
21.89999
0.0
19.59999
22.70000
22.70000
22.70000
22.70000
22.70000
0.0
19.59999
22.70000
22.70000
22.70000
22.70000
22.70000
0.0
19.59999
22.70000
22.70000
22.70000
22.70000
22.70000
0.0
16.89999
19.59109
19.59109
19.59109

0.79979

148.89999
148.89999
148.8999%
1648.89999
148.89999
148.89999
148.89999
165.89999
165.89999
.59999
.39999
.39999
.79999
.89999
.70000
.70000
.50000

4.29999
157.79999
1643.89%9999
181.29999
181.29999
181.29999
176.79999
166.39999
158.89999
148.8999%
189.20C09

HUQO“M\JHM

1
1
1
1
1
1
1
1
1
1

RNNNNSVINONO

NVHPIRNOVOHOO
(%]
~
L]
o
o
w

196.39999
196.39999
186.89999
174.59999
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348.59985
348.59985
376.59985
376.59985
376.59985
376.59985
376.59985
376.59985
376.59985
391.69965
391.69995
69995
9995
9995
9995
9995
06000
0000
0000
0000
.00000
.00000
500.00000
7.00
36.00000
36.00000
36.00000
36.00000
36.000060
36.00000
36.00000
58.79999
58.79999
58.79999
58.79999
58.79999
58.79999
58.79999
81.50000
81.50000
81.50000
81.50000
81.50000
81.50000
81.50000
120.89999
120.89999
120.£9999
120.899%99
120.89999
120.89999
120.899%99
7.08¢6
120.89999
120.89599
120.89999
120.89999
120.89999
120.839999
120.89999

WU LA U U Lt L S G L
CO0O0O0OQWVMOVY
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e 5 & e o 8 s &
ODODOONCCOO

“ v s e

Pl ot o ot ot =t Gt ot ot ot et et et et
CO0O0OOOD AOOO0OOOMNNNMUNUNONNNNSNLWOGUWLY
o
P=
o
o

[~ X=-N-N-N-F-N-N-] CO0O0OOOOVMINIUININILONNSNIYNYNNIOD Y
.. « e s & s s e s & s »

-16.
-22.
=22,
=-22.
-16.

0.

0.
=22.
-29.
-23.
-29.
-22.

109
109

0600

599

(=] VOOV VO -1V ]
OO
OO O
OO0

4.00

89999
50000
50000
50008
g9999

e

09999
50000
50000
50000
09999

0.0
0.0

=-28.
-37.
-37.
-37.
-28.

0.

0.
-28.
-37.
~-37.
-37.
-28.

39999
75999
79999
79999
39999
]

13.00
]

39959
79999
79999
79999
39999

8.6

163.5999%
148.89999
188.09999
188.09999
188.09999
180.2999¢9
170.0999¢
161.00000
1648.89999
182.89999
182.89999
182.89999
175.79999
166.50000
158.29999
147.29999
139.59999
139.59999
139.59999
139.59999
139.59999
139.59999
139.59999

95.89999
95.8999%
95.89999
953.89999
95.89999
95.89999
95.89999
82.29999
82.29999
86.39999
96.20000
106.00000
108.09999
110.20000
78.09999
78.09999
85.00000
99.00000
113.00000
116.39699
119.89999
76.79999%
764.79999
90.70000
108.00000
125.899%9
136.70000
147.59999

76.79999
76.79999
90.70000
108.000090
125.89999
136.70000
147.5999%
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133.00000
133.00000
133.00000
133.00000
133.00000
133.00000
133.00000
175.29999
175.29999
175.29959
175.29999
175.29999
175.29999
175.29999
209.25999
209.29999
209.29999
209.29999
209.29999
209.29999
209.29%99
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
271.00000
271.00000
271.00000
271.00000
271.00000
271.00000
271.00000
300.000360
300.00000
300.00000
300.00000
300.00000
300.00000
300.00000
376.60010
376.60010
376.6001¢C
376.60010
376.60010
376.60010
376.60013
391.69995
391.69995
391.69995
391.69995
391.69995
391.69995
391.69995
445.69995
445.69995
445.69995
465.69995

0.0
~29.20000
-38.89999
~38.89999
-38.29999
~29.20000

0.0

5.0
-29.20000
~38.89999
-33.89999
-38.89999
~29.20000
-12.16000

0.0

-29.20000
-38.89999
-33.89999
~38.89999
-29.20000
-21.89999
0.0
-29.20000
-38.89999
-38.89999
~33.89999
-29.20000
-22.70000
0.0
-29.20000
-38.89999
-38.39999
-38.89999
-29.20000
-22.70000
0.0
-29.20000
-383.89999
~-38.89999
-38.89999
-29.20000
-22.70000
0.0
-29.20000
-33.89999
-38.89999
-38.89999
-29.20000
-17.79999
0.0

-22.060000
-37.29999
-37.29999
-37.29999
-23.00000
~-1%.70000
n.o
-24.50000
-32.70000
-32.70000

72.79999
72.79999
91.79999%
110.79999
129.89999
148.89999
148.89999
72.79999
72.73.79
91.79999
110.79999
129.89999
148.89999
1648.89999
72.79999
72.732999
91.79999
110.79999
129.89999
.%8.89999
148.89999
72.79999
72.79999
91.79999
110.79999
129.89999
143.89999
143.89999
72.79999
72.79999
91.79999
110.79999
129.89999
168.89999
168.89999
72.79999
72.79999%
91.79999
110.79599
129.89999
148.89999
148.89999
72.79999
72.79999
91.79999
110.79999
129.899%9
148.89999
148.89999
74.39999
74.39999
$2.59999
110.79999
129.00000
147,29999
147.29999
77.79999
77.79999
94.39999
110.79999
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445.69995
445.69995
465.69995
500.00300
500.00000
500.00008
500.00000
500.00000
500.00000
500.00000
600.00000
600.00000
600.00000

3.00000
175.29999
175.2999¢9
175.29999
175.29999
175.29999
175.29999
175.29999
209.29999
209.29999
209.29999
209.29999
209.29999
209.29999
209.29999
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
222.29999
271.00008
271.00000

ot ot et et et
.

=-32.70000
-24.50000
-7.87174
6.0
-21.00000
=-28.00000
-28.00000
~-28.00000
~-21.00000
0.0
0.0
-13.50000
-18.00000
-18.00000
-18.00008
-13.50000
0.0
0.0
-13.50000
~18.00000
-18.00000
-18.00000
-13.50000

-12.10000
=-12.10000
~12.10000
=-11.70000
-8.10000
0.0
-21.89999
-20.20000
=-22.00000
=-22.00000
-21.09999
-164.60000
0.0
-22.70000
-22.70000
-22.70000
~22.70000
-22.70000
-19.59999
8.0
-22.70000
-22.70000
-22.70000
~22.70000
~22.70000
=-19.59999
0.0

127.26000
143.45999
143.45999
81.29999
£1.29999
96.20000
110.79999
125.39999

89.89999
100.39999
110.79999
120.89999%
131.00000
131.00000

148.89999
148.89999
148.59999
148.89999
148.89999
148.89999
148.89999
148.89999
153.79999
157.39999
161.39%99
163.59999
165.89999
165.89999
148.89999
157.79999
164.29999
171.59999
175.50000
179.70000
179.70000
1648.8999%
158.89999
166.39999
174.79999
181.29999
181.29999
181.29999
148.89999
161.3999¢%
170.70000
181.09999
189.20000
139.20000
18%.20000
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ORIGENAL PALL

OF FOCR QUALITY,

300.00000 ~22.70000 148.89999
300.00000 -22.70000 163.00000
300.00000 -22.700C0 173.29999
300.00000 -22.70000 184.79999

300.00000 -22.70000 193.79999
3006.00000 -19.59999 193.79999
300.00000 0.0 193.79999
348.60010 ~19.59109 148.39999
. 36456.60010 -19.59109 163.5%999
3648.60010 -19.59109 174.59999
348.60010 -19.59109 186.89999
368.60010 ~-19.59109 196.39999
348.60010 ~16.89999 196.39999%
3648.60010 6.0 196.39999
376.60010 =17.79999 148.89999
376.60010 ~17.79999 161.00000
376.60010 -17.79999 170.0999%9
376.60010 -17.79999 180.29999
376.60010 -17.79999 188.09999
376.60010 ~15.30000 188.09999
376.60010 1883.099%99

0.0
391.69995 ~15.70000 147.299%9
391.69995 -15.70000 i58.29999%
391.69995 -15.7000C 166.50008
391.69995 -15.70000 175.79%99
391.69995 -15.70000 182.89999
391.69995 -13.50000 182.89999

391.69995 0.0 182.89999
500.00000 0.0 139.59999
500.00000 0.0 139.59999
500.00000 6.0 139.59999
500.00000 6.0 139.59999
500.00000 8.0 139.59999
500.00008 6.0 139.59199
5€0.00000 0.0 139.59999
175.6 79.9 120.3
175.6 79.9 120.3
175.6 76.9 120.3
175.6 79.9 120.3
175.6 79.9 120.3

- 175.6 79.9 120.3
175.6 79.9 120.3
175.6 79.9 120.3
175.6 79.9 120.3
211.9 79.9 101.5

. 211.5 66.3 102.7
210.4 38.6 122.8
202.3 . 64.8 137.8
208.9 79.9 146.0
209.3 95.0 137.8

. 210.4 101.2 122.8
211.5 $5.0 107.7
211.9 79.9 101.5
225.9 79.9 98.3
225.3 61.9 105.7
224.0 54.6 123.7
222.8 61.9 141.7
222.2 79.9 146.2
222.8 97.9% 141.7
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104.3
79.9

-79.90
=-79.90
-79.90
=79.90
~79.90
=79.9¢0
=79.90
-79.90
-79.90
=79.90
-55.00

123.7
105.7
98.3

107.0
125.3

151.3
143.7
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§
S
210.40 -1C1.20 122.80
209.30 -95.00 137.80
208.90 -79.90 164,00
209.30 -64.80 137.80
210.40 -58.60 122.80
211.50 -664.80 107.70
211.90 =-79.90 101.50
225.90 =79.90 98.30
‘ 225.30 =97.90 105.70
224.00 -105.40 123.70
! l22 &0 -97.9¢0 141.70
. 222.20 -79.90 169.20
! 222.890 ~61.90 141.70
224.00 =54.40 123,70
225.30 =61.90 1L.5.70
225.90 -79.90 93.30
242,40 =79.90 99.40
247.90 -98.30 107.00
246.60 =1085.90 125.30
. 245.30 -98.30 143.70
e 2464.70 -79.90 151.30
" 245.30 -61.50 1643.70
. 2646.60 -53.9%0 125.30
. 247.90 -61.50 107.00
248.40 =79.90 99.40
267.10 =79.90 102.640
266.60 -97.20 109.50
265.30 -104.30 126.70
264.10 -97.20 143.90
263.60 -79.90 151.00
264.10 -62.60 143.90
265.30 =55.50 126.70
266.60 ~62.60 109.50
267.10 -79.90 102.40
299.30 =79.90 196.70
298.80 -97.20 111.80
297.60 -1064.30 129.00
296.30 -97.20 146.20
295.80 ~79.50 153.30
296.30 -62.60 146.20
297.60 -55.50 129.0¢6
298.80 -62.60 111.50
299.30 =79.90 104,70
700.70 =-79.90 133.40
700.20 -97.20 160.60
699.00 -106.30 157.80
. 697.70 -97.20 175.00
697.20 -79.9¢0 182.10
697.70 =62.60 175.00
699.00 ~55.50 157.80
700.20 -62.60 140.60
700.70 -79.90 133.40
: 1000.00 -79.90 133.40
: 1000.00 -87.20 140.60
1000.00 -104.30 157.80
1000.00 -97.2C 175.00
1000.00 ~79.90 182.10
1000.00 -62.60 175.00
1000.00 -55.50 157.80
1000.00 ~62.60 140.60

| Jaasion, mad 1 X ENUY O N
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1000.08 -79.90 133.40
END
AERO

0 0.0 0.0
FORC

307.5 g. 75.52 52112.,

END

98.1
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ORIGHNAL PAGL W
OF POOR QUALITY

CASE

RSRA FUSELAGE, WINGS AND ENGINES .

J D COUWAN AERD RESEARCH ORGN 7440 EXT 7836
GEOM

3. 746. 1. -1.

SOUR

18.

7. 4.
36. 0. 95.9
36, 0. 95.9
36. 0.0 95.9
36. 0.0 95.9
36. 0.0 95.9
36. 6.0 95.9
36. 0.0 95.9
53.8 6.0 110.2
58.8 16.9 108.1
58.8 22.5 106.
58.8 22.5 96.2
58.3 22.5 86.64
58.8 16.2 82.3
53.83 0.0 22.3
21.5 0.0 119.9
81.5 22.1 116.6
81.5 29.5 113.
81.5 29.5 99.
81.5 29.5 85.
81.5 22.1 78.1
81.5 0.0 78.1
120.9 0. 147.6
120.9 28.6 136.7
120.9 37.3 125.9
120.9 37.8 108.
120.9 37.8 90.7
120.9 28.6 74.8
120.9 0. 74.8

. 6.

120.9 0. 147.6
120.9 28.6 136.7
120.9 37.8 125.9
120.9 37.8 108.
120.9 37.8 90.7
120.9  23.4 74.8
120.9 o. 76.8
133. 0. 165.9
133. 29.2 148.9
133. 38.9 129.9
133. 38.9 110.3
133. 38.9 91.8
133, 29.2 72.8
133. 0. 72.8
175.3  12.1 168.9
175.3  29.2 168.9
175.3  35.9 129.9
175.3  38.9 110.8
175.3  38.9 91.8
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VAR

300, 0. 193.8
388. 19.¢6 163.8
300. 22.7 193.8
300. 22.7 184.8
300. 22.7 173.3
300. 22.7 163.
300. 22.7 148.9
0. 196.4
16.9 196.4
19.5511 196.¢6
19.5911 186.9
19.5%11 1764.6
19.5911 163.6
19.5911 148.9
8. 188.1
) 15.3 138.1
.6 17.8 188.1
6 17.8 180.3
6 17.8 170.1
.6 17.8 161.0
.6 17.8 148.9
.7 0. 182.9
1.7 13.5 182.9
1.7 15.7 182.9
1.7 15.7 175.8
1.7 15.7 166.5
1.7 15.7 158.3
1.7 15.7 147.3
0. 0. 139.6
0. 0. ©139.6
g. 139.6
0. 139.6
0. 139.6
0. 139.6
0. 139.6
7.0 4.0
36. 0. 95.9
36. 0. 5.9

36.0000 -0.0000 95.9000
36.0000 ~0.0000 95.9000
36.0000 ~0.0000 95.9000
36.0000 -0.0000 95.9000
36.0000 -0.0000 95.9000
58.8000 -0.0000 §2.3000
58.8 . =16.9 82.3

58.8000 =-22.5000 26.4000
58.8000 =-22.5000 96.2000
58.8000 -22.5000 106.0000
58.8 ~16.9 108.1

58.8000 ~0.0000 110.2000
81.5000 =-0.0000 78.1000
81.5 -22.1 78.1

81.5000 =-29.5000 85.0000
81.5000 -29%.50¢00 99.0C00
81.5000 =~-29.5000 113.0000
81.5 =22.1 116.4

81.5000 -0.0000 11%.9000
120.9000 -0.0000 764.3000
120.9 -28.4 74.8

126.9000 -37.8000 90.7008
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E

128.9000

271.0000
271.0000

-37.8000

108.
125.9008
136.7
147 .6000

76.8000
74,8000
90.7000
108.
125.9000
136.7000
147.6009
72.8000
72.8000
91.8000
110.8000
129.9000
1648.,9000
148.9030
72.3000
72.8000
91.8000
110.8000
129.9000
148,9000
148.9000
72.8000
72.8000
91.8000
110.8000
129.9000
148.9000
1648.9000
72.8000
72.8000
91.8000
110.8000
129.9%000
148.9000
148.9000
72.8000
72.8Q00
91.3000
110.8600
129.9000
148,.9000
1648.9000

72.8
1.8
110.8000
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445.7000
445.7000~7
500.0000
500.0000
500.0000
500.0000
500.0000

w
oo
oo
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oo
[~ X =]
(=]
oo

000

« e
(=X =]

oo

oo

Pt (e ek b ol et et Gl Pk Pt Gt ocoooooacctaNONN N
NNNNUHUKRUWHUHLW 00000000000 DO
(-]
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(=]
o
(-]

LY LU Gl Gt Ll L i it
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HRtAOD OO O

[— X~ X~T- N1

oo o

oo

=-29.2

-15.7000
-0.0000
=24.5000
-32.7000
-32.7000
-32.7000
~24.5000
8717458
-0.0000
-21.0000
-23.0000
~28.0000
-28.0000
-21.0000
-0.0000
-0.0000
-13.5008
~18.0000
-13.0000
-15.0000
-13.5000
-0.0600
-0.0000
-13.5000
-18.0000
~-18.0000
-18.0000
-13.5000
-0.0000
i0.0
-0.0000
-2.0000
-g0.g000

127.2008
1643.4600
1643.64600

81.3000

81.3000

96.2000
110.8000
125.4000
139.6000
139.6000

89.5000

89.9000
100.4000
10.3000
0.9000
1.0000
1.0000
9.9000
9.90040
0.4000

Pt et et Pt
NN

s 4=t 4o

0.9000
131.0000
131.0000

143.9000
1643.9000
143.9%000
1648.9000
1648.9000
148.9000
148.9000
1648.9C00
153.3000
157.4000
161.40080

0.8000 .
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175.5000

391.7000
391.7000
500.
500.
500.
500.
500.
500.
500.
17.

-11.7008
-8.1000
-0.0000

-21.9000

-20.2000

-22.0000

-22.0000

-21.1000

-164.6000
-0.00080

-22.7000

-22.7000

-22.7000

-22.7000

=-22.7000

-19.6000
-0.0000

=-22.7000

~22.7000
=22.7000

-22.7000

~-22.7000

-19.6000
-0.0000

=22.7000

-22.7000

-22.7000

-22.7000

-22.7000

-19.6000
-0.0000

-19.5911

-15.5911

-19.5911

-19.5911

-19.5911

~16.9000
-0.0000

-17.8000

-17.8000

-17.80080

~-17.8000

-17.8020

-15.3000
-0.0000

-15.7000

-15.7000

-15.7000

=-15.7000

-15.7000

-13.5000
-0.0000
-0.0000
-0.0000
-0.0000
~0.0000
-0.0000
-0.0000
~0.0000

10.

163.6000
165.9000
165.9000
148.9000
157.8000
164.3000
171.6000
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71.07
75.35
79.4

81.52
30.88
79.13
76.846
76.32
71.21
68.64
67.16
65.97
65.2

65.32
67.44
70.29%
71.07
73.68
77.81
81.73
83.78
83.16
8l1.647
79.26
76.82
73.81
71.32
69.9

68.74%
67.99
68.12
70.17
72.92
73.68
76.28
80.28
84.06
86.04
85.44
83.381
31.67
79.32
76.41
76.01
72.63
71.51
70.79
70.91
72.89
75.55
76.28
78.89
82.74
85.39
88.3

87.72
86.15
84.09
31.82
79.01
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295.48
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76.69

86.81
86.21
82.06
80.83
79.83
79.19
79.29
81.4u6
83.646
84.1

6.7

90.13
93.38
95.03
94.56
93.16
91.33
89.31
86,81
864.75
83.56

81.98
82.09

83.79.

86.07
£9.3

ORIGINAL PACGE IS
OF POOR QUALITY
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7.0
- 391.360
" 369.1799
367.1399
Ce 325.2500
308.8701
297.9199
289.6699
284.0%01
220.9800
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217.66
217.3
217.12
217.18
217.33
217.53
217.74
218.02
218.2%
218.37
218.47
218.54%
218.53
218.34
218.10
218.03
241.08
240.72
2640.39
240.21
240,27
260.41
2640.6
240.81
240.07
2641.23
241.4641
2641.5
261.57
241.56
241.38
2641.15
241.08
264.13
263.79
263.47
263.3
263.35
263.49
263.68
263.28
264.12
264.33
264.44
2664.56
264.6
2664.59
264.42
264.2
2664.13
10.0
=-56.4500
~56.76400
~57.0600
-57.3000
-57.3200
=57.2300
-56.1000
-56.930¢C
~56.6400

94.61
92.8

91.76
90.92
90.38
90.47
91.96
33.96
94.51

71.0700
70.2900
67.4400
65.3200
65.2000
65.9700
67.1600
68.6400
71.2100
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283.4299
238.8899
297.189%
308.3101
325.0400
347.2900
369.3999
391.3601
389.7200
363.2700
366.9600
325.7900
. 309.5500
299.3601
291.3799
285.9900
282.9800
285.3501
290.6299
298.6499
309.6099
325.5901
367.1101
368.6300
389.7200
338.0801
367.3601
346.7800
326.3301
311.0300
300.8000
293.0901
287.839%
284.9800
287.2700
292.3701
300.1201

384.8000

=56.2900
~56.0000
-55.7400
~55,5500
~55.4700
-55.7108
-56.1700
-56.6500
~79.7100
~79.7900
=-80.1000
-86.3300
-80.3500
-80.2600
-80.1300
=79.9700
-79.6900
=79.3500
-79.0800
-78.3300
~78.6400
-78.5700
~78.8000
=79.2400
=79.7100
-102.7600
-102.86400
=103.1400
-103.3700
-103.3800
-103.3800
-103.1700
-103.0200
-102.7500
-102.4200
-102.1500
-101.9100
=-101.7300
-101.6608
~101.8800
-102.3100
=102.7600
-125.8100
~125.8900
-126.1800
=-126.4000
-126.4100
-126.3300
~126.2100
~126.0600
-125.8000
-125.4800
-125.2300
-124.9900
-124.8209
-124.7500
=-124.9700
-125.3300
-125.3%100
-143.8708

76.3200
76.8400
79.1300
80.8800
81.52080
79.4000
75.3500

8§1.4900
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365.5400 ~148.9400 30.8100
346.4099 ~-149.2200 78.3400
327.4099 -149.4300 76.5000
313.1899 -149.4%00 76.3900
303.6899 ~149.3700 77.0600
296.5200 -169.2500 78.1000
a 291.6799 -149.1100 79.3800

. 288.9800 -1483.3500 81.46100

! 291.1101 =-148.5500 84.3100
295.8501 -148.3000 86.5000

\ 303.0500 -148.0800 88.4900
312.7100 -147.9100 90.0000

327.2300 -147.8400 90.5600

346.5500 -148.0500 83.7200

- 365.7400 -143.4500 85.2000

384.8000 -148.3700 81.4%00

- 383.1599 ~171.%200 84.1000
366.6299 -171.99¢00 83.64400

J 366.2300 -172.2600 81.0600

- 327.9500 ~172.4600 79.2900

- . 314.2700 -172.4700 79.1%00

- 305.1299 -172.4000 79.8300

298.2400 ~-172.2900 80.3300

293.5801 ~172.1500 8§2.06u0

290.9900 -171.9100 £4.2100

293.0300 -171.6100 86.81¢C0

297.5901 ~171.3800 88.9%100

304.5200 -171.1600 90.8200

— 313.8101 -171.0000 92.2800
( ) 327.7800 -170.9300 92.827%0
346.3601 =171.1300 91.0508

3664.8201 -171.5200 87.6700

383.1599 -171.9200 384.1000

: . 381.5200 -194.9700 836.7000

' ! 363.7300 -195.0400 36.0700

' 346.0500 ~195.3000 83.7900
328.4900 ~195.4900 82.0%00

/ 315.3501 -195.5100 81.95800

] / 306.5701 ~195.4400 82.6000
‘ 299.9500 -1¢5.3300 33.5600
: 295.4800 -195.1900 86.7500
" / ' 292.9600 -194.9600 36.8100
) ’ 2964.9500 ~-194.6800 3%.3100
2 299.3301 -194.4500 91.3300

305.9800 ~194.2400 93.1600

314.9099 ~194.0900 94.5600

328.3201 ~194.0300 $5.0800

3646.1699 ~194.2200 93.3800

363.9699 -194.5900 90.1300

381.5200 ~-194.9700 86.7000

379.8799 -218.0300 39.3000

: 362.8201 ~218.1%00 88.7000
! v 345.8701 -218.34u0 86.5100
: ) 329.0300 -213.5300 84.8800
! 316.4299 -218.5400 86.7800
: ] 368.0100 ~213.4703 85.3800
e 301.6699 -218.3700 86.3000

. 297.3799 =213.2400 87.4300

\ 294.9900 -213.0200 89.4100

! 296.8701 -217.7400 91.8000
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301.v701 -217.5300 93.76400
307.64500 -217.3300 95.5000
316.0100 -217.1800 96.8400
328.8701 -217.1200 97.3400
345.9900 -217.3000 95.7100
362.9900 -217.6600 92.5500
379.8799 ~218.0300 9.3000
378.2400 -241.0800 91.9100
361.9099 -261.1500 91.3368
345.6899 -241.3800 89.2300
329.5701 -2641.5600 87.6800
317.5100 -2641.5700 87.5800
309.4500 -2641.5000 88.1500
JL3.3799 -241.4100 89.0300
299.2800 -241.2800 $0.1200
296.9900 -240.0700 92.0100
<98.7900 ~240.8100 94.3000
302.8101 -240.6000 96.1500
308.9199 -240.4100 97.8400
317.1101 -2640.2700 99.1300
329.4199 -260.2109 99.6000
345.8000 -240.3900 98.0400
362.0701 -240.7200 95.0600
378.2400 -261.0800 91.9100
376.6001 -266.1299 94.5100
361.0000 -266.2000 93.9600
345.510C -264.4199% 91.9600
330.1101 -264.5901 90.4700
318.5901 -264.60901 90.38080
310.8999 ~264.5400 90.9200
305.0901 -266.4399 91.7500
301.1699 -264.3301 92.8030
293.9900 ~266.1201 964.6100
300.7100 -263.8799 96.8000
3064.5500 -263.6799 98.5700
310.379) -263.4900 100.1800
318.2100 -263.3501 101.4100
329.9700 ~263.3000 101.8600
345.6101 -263.4700 100.3700
361.1599 ~263.7900 97.5200
376.6001 -264.1299 964.5100

2.
271. 0. 72.8
2864.09 0. 63.66
289.67 0. 67.16
297.92 0. 65.97
308.87 6. 65.2
325.25 O. 65.32
3647.14 0. 67.44%
391.7 0. 76.4
271. 29.2 72.8
284.09 29.2 68.64
289.67  29.2 67.16
297.92  29.2 65.97
308.87 29.2 65.2
325.25 29.2 65.32
347.14  29.2 67.464
391.7 28. 76.4

8.0 20
391.7 -0.0000 76.4
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347.13899 =0.0000 67.46400
325.2500 -0.0000 65.3200
308.8701 -0.0000 65.2300
297.9199 -0.0000 65.9700
289.66%9 =-0.0000 67.1600
284.0901 ~06.0000 68.6400
271.0000 =-0.0000 72.8000
391.7 -28. 74.4
3647.1399 -29.2000C 67.4400
325.2500 -29.2000 65.3200
308.3701 -29.2000 65.2000
297.9199 <-29.2000 65.9700
289.6699 -29.2000 67.1500
284.0901 -29.2000 68.€400
271.0000 =-29.2000 72.8000
17. 2.
391.7 28. 76.8%
376.6 38.9 a5.
347.29 38.9 85.
325.04 38.9 85.
308.31 8.9 85.
330. 38.¢9 85.
289%. 35.22069 80.37241
282. 32.87931 77.642759
271. 2%.2 72.8
284.09 29.2 63.64
289.67 29.2 67.16
297.92 29.2 65.97
308.87 29.2 65.2
325.25 29.2 65.32
367.14 29.2 67.44
369%.18 28.60646 70.38251
391.7 28. 76.4
391.36 56.65 71.07
369%9.4 56.17 75.35
367.29 55.71 79.4
325.0¢4 55.47 81.52
308.31 55.%5 80.88
297.19 35.76 79.13
288.89 56. 76.84%
283.43 56.29 7164.32
280.98 56.64% 71.21
284.09 56.93 63.66
289.67 56.1 67.16
297.92 57.2 65.97
308.37 57.32 65.2
325.25 57.3 65.32
347.1¢ 57.06 67.6%
369.18 56.74 70.29
391.36 56.65 71.07
17.0 2.0
391.7000 -~-28.0000 76.4000
369.1799 -28.6065 70.8825
367.1399 <-29.2000 67.4400
325.2500 ~Z29.2c00 65.3200
308.8701 -2¢,2000 $5.2000
297.9199 -29.2000 65.9700
289.6699 -29.2000 67.1600
284.0901 +25.2000 63.6400
271.0000 =-29.2000 72.8000
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~32.8793
=-35.2207
~38.9000
-38.9000
-38.90C0
~-38.9000
~-38.9C00
=-28.0000
-56.6500
=-56.7400
~57.0600
-57.3000
-57.3200
=57.2300
~56.1000
~-56.9300
-56.6400
~-56.2900
-56.0000
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77.4276
80.37.6
85.0000
85.0000
85.0000
é5.0000
35.0000
764.4000
71.0700
70.2%00
67.4409
65.3200
65.2000
€5.9700
67.1600
68.66400
71.2100
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222.80  -97.90  161.70
222.20  -79.90  149.20
222.80  -61.90  141.70
226.00  -564.40  123.70
225.30 -61.90  105.70
225.90  -79.90 93.30
2648.640  -79.90 99.40
, 2647.90  -98.30  107.00
Lo 2646.60 -105.90  125.30
i 265.30  -93.30  143.70
; 266,70 -79.90  151.30
| 2645.30  -61.50  1643.70
; 266.60  -53.50  125.30
P 2647.90  -61.50  107.00
a 268.40  ~79.90 99.40
; 267.10  -793.50  102.40
: 266.60  -97.20  109.50
? 265.30 -104.30  126.70
264.10  -97.20 - 143.90
263.60  -79.90  151.00
264.10  -62.60  143.90
: 265.36  -55.50  126.70
266.60  -62.60  109.50
267.10  -79.90  102.40
299.30  -79.96  104.70
292.80  -97.20  111.20
297.60 -104.30  129.00
296.30  -97.20  146.20
295.80  -79.90  153.30
296.30  -62.60  146.20
297.60  -55.50  129.00
292.80  -62.60  111.80
299.30  -79.90  104.70
700.70  =79.90  133.40
700.20  -97.20  140.60
695.00 <-104.30  157.80
697.70  -97.20  175.00
697.2¢ -79.90  152.1u
697.70 ~ -62.60  175.00
699.00  -55.50  157.80
700.20  -62.60  140.60
700.70  -79.50  133.40
1000.00  -79.50  133.¢0
10600.00 -97.29 140,60
1000.00 =-174.35  157.80
1009.,0  =-97.20  175.00
1006.%3  =73.90  152.10
1000.60  -62.60  i75.00
1000.00  -55.50  157.80
1000.00  -62.60  140.60
1000.00  -79.90  133.40
. MULT
2.
11. 9. 7. 1.
285.35 79.63 76,349
290.63  79.59 764.68
298.65  79.5¢4 75.16
309.41  79.49 75.6
325.59  79.45 75.95
3647.11  79.45 75.96
’ 131
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368.48 79.52

389.72 79.71

411.29 79.71

654,51 79.71

9010. 79.71

287.27 102.69
292.37 102.65
300.12 102.6

310.51 102.55
326.13 102.51
346.92 102.51
367.57 102.58
388.08 102.76
408.92 102.76
450.66 102.76
9000. 102.76
289.19 125.74
294.11 125.71
301.59 125.66
311.61 125.61
326.68 125.57
346.73 125.57
366.65 125.64
386.464 125.81
406.54 125.81
446.81 125.81
9000. 125.81
291.11 148.8

295.85 1648.77
303.05 1648.72
312.71 148.67
327.23 1643.64
3646.55 148.66
365.76 168.7

384.8 148.87
404.17 1648.87
%42.96 148.87
5000. 148.87
293.03 171.86
2%7.59 171.82
3064.52 171.78
313.81 171.73
327.78 171.7

346.36 171.7

3664.82 171.76
383.16 171.92
601.79% 171.92
439.11 171.92
9000. 171.52
294.95 194.91
299.33 1964.238
305.98 194.34
314.91 19¢.79
328.32 194.76
3646.17 1964.76
363.91 1964.82
381.52 196.97
399.41 196.97
435.26 196.97
9300. 1964.97

JUUGHPTSS ST S

132



§f-

g
153

Sh F O N e
.!L‘\‘S@?}&F‘\.ﬂ XS '\\“f'\‘,u . .i: ~.L

S X

) \ff

N ]
S R K L YT RO RN

-

ORIGINAL Do W
OF PO Y

296.87 217.97 89.83
301.07 217.94 90.1
307.45 217.8¢9 90.48
316.01 217.85 90.83
328.387 217.82 91.11
345.99 217.82 91.12
362.99 217.387 90.65
379.88 218.03 89.3
397.04 218.403 87.%5
431.41 218.03 86.15
9000. 218.03 -169.19
298.79 2641.02 92.41
302.81 2640.99 92.67
308.92 2648.95 93.03
317.11 260.92 93.37
329.42 260.89 93.64
345.8 240.88 93.64
362.07 2640.93 93.2
378.24 241.08 91.91
394.66 241.08 90.62
427.56 241.08 88.89
9000. 241.08 -146.45
300.51 261.77 94.73
306.37 261.75 96.98
310.24 261.71 95.33
318.1 261.67 95.65
329.91 261.64% 95.91
345.63 261.¢4 95.92
361.25 261.69 95.49
376.76 261.33 94,25
392.52 261.83 93.01

426.1 261.83 91.36

$000. 261.83 -143.98

.gggégz . 085453 .120618 172921 .2642018 .219928
388.93 91.17 76.97 .07889% -.10636 .99119
387.29 114.22 77.58 .07889 -.10636 . 99119
385.64 137.27 80.18 .07889 =-.10636 -99119
384. 160.32 82.78 .078389 -.1063¢6 99119
382.36 183.37 85.39 .0788% -.10636 .99119
380.72 206.42 87.99 .073889 ~.10636 99119
379.08 229.647 90.59 .07889 -.10636 .99119
377.44 252.52 93.2 .078389 -.1063%6 .99119
11. 9. 7. 1. 10. 0.
285.35 =-79.83 716.34

290.63 -79.59 74.68

298.65 -79.54 75.16

309.41 =79.49 75.6

325.59 =79.45 75.95

347.11 =79.45 75.96

365.6438 =79.52 76.37

389.72 ~79.71 73.68

411.29 -79.71 71.98

454.51 -79.71 69.72

9000. =79.71 -165.62

287.27 -102.69 76.92

292.37 -102.65 77.25

300.12 -102.6 77.71

310.51 =-102.55 78.13

326.13 -102.51 78.48
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408.92
650.66
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289.19

294.11
301.59
311.61
326.68
346.73

446.81

435.26
9000.

296.87
301.07
307.45
316.01
328.87
345.99
362.99
379.88
397.04
631.41

-102.51
-102.58
-102.76
~102.76
=-102.76
-102.76
~125.7¢
=125.71
~125.66
-125.61
-125.57
~125.57
=125.64
-125.381
~125.81
-125.81
-125.81
~1648.8

-148.77
~148.72
~148.67
-148.64
-1648.66

-215.03

88.58
38.59
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-218.03
-2641.02
-240.99
-240.95
-240.92
~240.89
~240.88
-2640.93
-241.08
-241.08
-261.08
~241.08
-261.77
~261.75
-261.71
-261.67
~-261.64
-261.66
~261.69
~261.83
~261.83
-261.83
-261.83
. 085453

=-91.17

-114.22
~137.27
-160.32
-183.37
~206.42
=229.47
-232.52

s s+ e @

[-X-N-N-N-X-F-N-F-N-N_—XV ]

93.01
91.36
-1643.98
.120618

76.97
77.58
80.18
82.78
85.39
87.99
90.59
93.2

7.
71.76
72.11
72.6
73.86
73.42
73.43
76.
77.656645
108.

120.
=115.3426
72.11
72.%6
73.06
73.42
73.43
72.82
71.07
69.32
66.98
-168.36
764.34
74.68

.172921

.07829%
.07889
.07C89

.0788%

.07589
.07589
.07889
.07889

1.

.2642018
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.120618 .172921

72.37 .07889
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GEOM

3. 636. 1. -1.

SOUR

16.
. 4.
36. 0. 95.9
36. 0. 95.9
36. 0.0 95.9
36. 0.0 95.9
36. 0.0 95.9
36. 0.0 95.9
36. 0.0 95.9
58.8 6.0 110.2
53.8 16.9 108.1
58.8 22.5 106.
58.8  22.5 96.2
53.8  22.5 86.4
53.8 16.9 82.3
53.8 0.0 82.3
21.5 0.0 119.9
81.5  22.1 116.4
81.5 29.5 113.
81.5 29.5 99.
81.5  29.5 85.
81.5  22.1 73.1
81.5 0.0 78.1
120.9 0. 147.6
120.9 23.4 136.7
120.9 37.8 125.9
120.9 37.8 103.
120.9 37.3 90.7
120.9 28.4% 74.8
120.9 o0, 74.8
7. 6.
120.9 ©. 147.6
120.9 28.64 136.7
120.9 37.8 125.9
120.9  37.8 108.
120.9 37.8 90.7
120.9 . 28.4 76.8
120.9 0. 74.8
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133. 38.9 129.9
133. 38.9 110.8
133. 38.9 91.83
133. 29,2 72.8
133. 0. 72.8
175.3  12.1 148.9
175.3  29.2 148.9
175.3  38.9 129.9
175.3  38.9 110.8
175.3  38.9 91.8
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764.64000
74,6000
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110.3000
129.0000
147.3000
147.3000
77.8000
77.8000
96.4000
110.8000
127.2000
143.6600
143.4600
81.3000
81.3000
¥6.2000
110.3000
125.4000
139.6000
139.6000
89.9000
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100.4000
110.3000
120.9000
131.0000
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89.9000
89.9000
100.4000
110.8000
120.9000
131.0000
131.0000
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148.9000
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143.9000
148.9000
148.9000
153.8000
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376.6 -38.9
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376.6 -38.9
376.6 -29.2
376.6 -17.8
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391.7 -37.3
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391.7 -37.3
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391.7 -15.7
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175.3000 ~12.1000
175.3000 -12.1000
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369.73042
3648.11788
326.17203
309.46237
298.21946
289.73513
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281.32157
284.16805
289.5737¢
297.67233
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324.81283
346.80632
369.01630
391.17400
389.54160
368.80529
347.90560
326.683664
310.52507
299.65298
291.44849
285.9556¢
283.31244
286.C6502
291.29238
299.12350
309.58799
325.3¢922
346.63730
368.11473
389.54160
387.90921
367.83017
347.6933
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311.58777
301.08651
293.16185
2R7.85631
285.30330
287.96200
293.01107
300.57546
310.68265
325.92561
346.46829
367.21316
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366.95505
347.48105
327.70676
312.65046
302.520€3
294.87521
239.75702
287.29416
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56.368648
55.67416
55.19565
55.08731
55.16361
55.33131
55.55556
55.87912
56.20197
56.42300
56.6516¢6
56.85676
57.01911
57.01725
56.93522
57.03647
30.1221¢6
79.42783
78.75641
78.25368
78.18892
78.26270
78.42487
78.64173
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79.26651
79.648539
79.7C165
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80.05700
80.05520
79.97587
80.12214
103.15781
02 48718

1
10
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10
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102.03010
1062.33165
102.54278
102.75166
102.94325
103.09489%
103.09315
103.01653
103.15781
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125.54653
1264.92062
1264.48975
124.39213
126.646038
126.61199%
124 .81405
125.10559

67.24026
73.59626
79.74264
83.97866
86.93768
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832.77772
80.79251
77.92827
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71.08961
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67.83657
67.85307
68.57924
67.24026
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76.14757
82.09122
8§6.18752
87.11492
86.46179
85.0261%
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88.3367¢C
77.5729%4
75.63800
73.72359
71.96761
70.57785
70.59381
71.29602
70.00121
72.76215
78.69888
364.43980
38.39638
89.29215
§8.66130
87.276467
85.42042
82.74512
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76.35757
74.66149
75.31912
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764.01280
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294.729%75
302.02703
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346.29927
366.31159
386.27681
3864.64442
366.02993
367.26877
328.21833
313.71316
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296.58857
291.65773
289.28503
291.75596
296.66843
303.478840
312.871%7
327.038440
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365.41002
386.64642
3£3.01202
365.106481
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328.72989
314.77586
305.38707
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291.27589
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366.50846
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147.58778
147.49374
147.55997
147.70555
1647.90022
1648.18103
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1648.65755
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149.02975
149.17067
1649.16906
1649.09785
149.22915
172.26482
171.66523
171.08542
170.68582
176.59535
170.65906
170.79911
170.986338
171.25657
171.52618
171.71694
171.90169
172.07299
172.20857
172.20701
172.13851
172.26482
195.300¢69
196.72458
196.16767
193.78385
193.69696
193.75815
193.8%267
194.07254%
1664.33207
194.59103
1964.77233
196.95171
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195.17917
195.3004°9
218.33616
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80.77537
78.99155
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76.72958
75.52310
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92.81411
93.64661
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81.62554
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78.81601
79.44636
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81.0449¢
86.315279%
91.4855¢4
95.02297
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95.25983
94.02009
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89.9703)
87.5837¢
85.91274
86.2595C
82.74311

£1.54296.

81.55674
82.16315
81.046499
833.80593
33.90410
93.836412
97.23184
98.00108
§7.45934

§6.26856"
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§52.37881
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84.28423
86.29747
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86.56688
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301.60449
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217.2499%2
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216.85724
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218.21%82
218.33616
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UP VALUES FROM ROOT TO TIP AT ALL AZIMUTH STATICHS
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APPENDIX C

Supplementary Loads Analysis Comparisons

To supplement the loads analysis results shown in Figures 8-6
through 8-41, this appendix contains several additional compar-
isons in tabular form.
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R A0 T AT T S
}&;-L&:;‘:\::‘. IR WO SO

Flight Velecity - Knots 112.5 162.5

, L/DE (without upwash) o 7.80 8.21

; L/DE (with upwash) . 7.91 8.53
PLL Amplitude-1bs (without upwash) 305 929
PLL Amplitude-1bs (with upwash) 435 1014
Vertical Shear Amplitude-1bs (without upwash) 1897 3476
Vertical Shear Amplitude~-lbs (with upwash) 1410 4106
FZF-1bs (without upwash) 1182 . 1686

! FZF-1bs (with upwash) 1219 1557

? Flight Condition 3 4

Variation of Equivalent Lift-to-Orag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Lcad Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flight Velocity from Loads Analysis. Rotor Lift, Gross
Weight, and Rotor Radius Are Held Constant. '
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Flight Velocity = Knots 112.5 162.5
L/DE (without upwash) ' 7.45 7.29
L/DE (with upwash) 7.26 7.65
PLL Amplitude-1bs (without upwash) 407 735
PLL Amplitude-1bs (with upwash) y 546 927
Vertical Shear Amplitude-lbs (without upwash) 5386 3306
Vertical Shear Amplitude-1bs (with upwash) 5220 4694
FZF-1bs {without upwash) 1733 2685
FZF-1bs (with upwash) 1594 2444
Flight Condition 9 10

Variation of Equivalent Lift-to-Drag Ratio_  Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flight Velocity from Loads Analysis. Rotor Lift, Wing
Lift, Gross Weight, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are
Held Constant.
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Flight Velocity - Knots 112.5 162.5
L/DE (without upwash) ' 5.96 8.94
L/DE (with upwash) 7.10 9.06
PLL Amplitude=-1bs (without upwash) 551 019
PLL Amplitude-1lbs (with upwash) 519 1044
Vertical Shear Amplitude-1bs (without upwash) 1102 2270
Vertical Shear Amplitude-1bs (with upwash) 1288 - 2815
FZF-1bs (without upwash) 682 1223
FZF-1bs (with upwash) 706 1005
Flight Condition 11 12

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourtn
Harmonic Amplitude with Flight Velocity from Loads Analysis. Rotor Lift, Gross
Weight, and Rotor Radius Are Held Constant.
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Flight Velocity - Knots ) 112.5 162.5
L/DE (without upwash) 7.23 8.06
L/DE (with upwash) 7.66 8.99
PLL Amplitude-1bs (without upwash) 321 825
PLL Amplitude-1bs (with upwash) 485 1154
Vertical Shaar Amplitude-1bs (without upwash) 1449 2598
Vertical Shear Amplitude-lbs (with upwash) 1912 3449
FZF-1bs (without upwash) 754 144¢
FZF-1bs (with upwash) 682 1503
Flight Condition 13 14

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth

Harmonic Amplitude with Flight Velocity from Loads Analysis. Rotor Lift, Gross
Weight, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are Held Con- i
stant. i
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Flight Velocity = Knots 112.5

L/DE (without upwash) ' 7.09
L/DE (with upwash) 6.63.
PLL Amplitude-1bs (without upwash) | 483
PLL Amplitude-lbs (with upwash) 532
Vertical Shear Amplitude-1bs (without upwash) 897
Vertical Shear Amplitude-1bs (with upwash) 1431
FZF-1bs (without upwash) 720
FZF-1bs (with upwash) 795
Flight Condition 15

162.5
8.93
8.72

1025
1052
2556
3436
1362
1194

16

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Am~litude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth

k..~ sonic Amplitude with Flight Velocity from Loads Analysis.
Lift, Gross Weight, and Rotor Radius Are Held Constant.
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x4

Flight Velocity - Knots 112.5
L/DE (without upwash) . : 7.27
L/DE (with upwash) . 7.18
PLL Amplitude-1bs (without upwash) 261
PLL Amplitude-lbs {with upwash) 429
Vertical Shear Amplitude-lbs (without upwash) 3124
Vertical Shear Amplitude-1lbs (with upwash) 3138
FZF-1bs (without upwash) 765
FZF-1bs (with upwash) 655
Flight Condition 17

162.5
8.04
8.57

869

905

3234
4630
1559
1521

18

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Lcad Vibratory Amplitude, and Vertical Hub Force Fourth

Harmonic Amplitude with Fiight Velocity from Loads Analysis.

Rotor Lift, Wing

Lift, Gross Weight, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are

Held Constant.
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TcosaS/nRz-psf 6.48
L/DE (without upwash) - . 7.80
L/DE (with upwash) 7.91
PLL Amplitude=-1bs (without upwash) 305
PLL Amplitude=-1bs (with upwash) 435
Vertical Shear Amplitude-1ibs (without upwash) 1897
Vertical Shear Amplitude-1bs (with upwash) 1410
FIF=1bs (without upwash) 1182
FZF-1bs (with upwash) 1219
Flight Condition 3

9.34

7.21

7.38
756
776
2270
2360
1253
1344

Variation of Equivalent Lift-to-0Orag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Vertical Component of Disk Loading from Loads Analysis.

Flight Velocity and Rotor Radius Are Held Constant.
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Lift-1bs 0 8066.7
L/DE (without upwash) ' 7.80 7.83
* L/DE (with upwash) | X! 7.30
PLL Amplitude-lbs (without upwash) 305 293
PLL Amplitude-1bs (with upwash) 435 : 493
Vertical Shear Amplitude-1bs (without upwésh) 1897 2336
Vertical Shear Amplitude-1bs (with upwash) 1410 1820
FZF=1bs (without upwash) 1182 1173
FZF-1bs (with upwash) 1219 1386
Flight Condition 3 5

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Wing Lift from Loads Analysis. Rotor Lift, Flight
Velocity, and Rotor Radius Are Held Constant.
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Lift-1bs 0 80€6.7
L/DE (without upwash) 6.95 7.09
L/DE (with upwash) 7.10 6.63
PLL Amplitude-1bs (without upwash) 551 483
PLL Amplitude-1bs {with upwash) 519 532
Vertical Shear Amplitude-1bs (without upwash) 1102 897
Vertical Shear Amplitude-lbs (with upwash) 1288 1431
FZF-1bs (without upwash) 682 720
FZF-1bs (with upwash) 706 795
Flight Condition 11 15

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth

. Harmonic Amplitude with Wing Lift from Loads Analysis. Rotor Lift, Flight
= Velocity, and Rotor Radius Are Held Constant.
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Lift-1bs

L/DE (without upwash)

L/DE (with upwash)

PLL Amplitude~lbs (without upwash)

PLL Amplitude-1bs (with upwash)

Vertical Shear Amplitude-1bs (without upwash)
Vertical Shear Amplitude-lbs (with upwash)
FZF-1bs (without upwash)

FZF-1bs (with upwash)

Flight Condition

8.94

9.06
1019
1044
2270
2815
1223
1005
12

8066.7
8.93
8.72

1025

1052

2556

3436

1362

1194

16

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth

Harmonic Amplitude with Wing Lift from Loads Analysis.

Velocity, and Rotor Radius Are Held Constant.
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8066.7
7.45
7.26

407
546

5386

5220

1733

1594

Rotor Lift, Flight

QNN R TR e T e et
—
: Lift-1bs 0
: L/DE (without upwash) 7.44
> L/DE (with upwash) 7.85
" PLL Amplitude-1bs (without upwash) 419
_ PLL Ampiitude-1bs (with upwash) 460
f—'f"’ . Vertical Shear Amplitude-lbs (without upwash) 2905
Vertical Shear Amplitude-lbs (with upwash) 2877
FIF-1bs (without upwash) 1629
FZF-1bs (with upwash) 1561
_ Flight Condition 7
Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Verticz! Hub Force Fourth
Harmonic Amplitude with Wing Lift from Loads Analysis.
Z:;ﬁgfty, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are Held Con-
-
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Lift-1bs 0 4033.3 8066.7
L/DE (without upwash) - 7.40 738 7.29
L/DE (with upwash) a4 7.80  7.65
PLL Amplitude-1bs (without upwash) 734 688 735
PLL Amplitude-1bs (with upwash) 916 882 C927
Vertical Shear Amplitude-1lbs (without upwash) 3766 | 3873 3306
Vertical Shear Amplitude-1bs (with upwash) 4359 4830 4694
FIF-1bs (without upwash) 2736 . 2693 2685
FZF-1bs (with upwash) 2507 2402 2444
Flight Condition 8 21 | 10

Variation of Equivalent Lift-to-Orag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Wing Lift from Loads Analysis. Rotor Lift, Flight
Velocity, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are Held Con-
stant.
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Lift-1bs 0
L/OE (without upwash) ' L3
L/DE (with upwash) | 7.66
PLL Amplitude-1bs (without upwash) 321
PLL Amplitude-1bs (with upwash) 485

" Vertical Shear Amplitude-lbs (without upwash) 1449
Vertical Shear Amplitude-lbs (with upwash) 1912
FZF-1bs (without upwash) 754
FZF-1bs (with upwash) 682
Flight Condition 13

8066.7
7.27
7.18

261
429
3124
3138
765
655
17

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Wing Lift from Loads Analysis. Rotor Lift, Flight
Velocity, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are Held Con-

stant.
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Lift-1bs 0 8066.7
L/DE (without upwash) ' 8.06 - 8.04
L/DE (with upwash) 8.99 8.57
PLL Amplitude-1bs (without upwash) 825 869
PLL Amplitude-1bs (with upwash) _ 1154 905
Vertical Shear Amplitude-1bs (without upwash) 2598 . 3234
Vertical Shear Amplitude-lbs (with upwash) 3449 4630
FZF-1bs (without upwash) 1446 1559
FZF-1bs (with upwash) 1503 1521
Flight Condition 14 18.

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Wing Lift from Loads Analysis. Rotor Lift, Flight
Velocity, Flat Plate Area for Auxiliary Thrust, and Rotor Radius Are Held Con-
stant.
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fe-sq ft - 0 22.9
L/DE (without upwash) - 7.80 7.04
L/DE (with upwash) | 7.91 7.85
PLL Amplitude-1bs (without upwash) 305 419
PLL Amplitude-lbs.(with upwash) 435 460
Vertical Shear Amplitude-lbs (without upwash) 1897 2905
Vertical Shear Amplitude-lbs (with upwash) 1410 2877
FZF-1bs (without upwash) : 1182 1629
FZF-1bs (with upwash) 1219 1561
Flight Condition 3 7

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory

Amplitude, Pitch Link Load Vibratory Amplitude, and Verticai Kub Force Fourth

Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Loads Analy=

éis. Rotor Radius, Rotor Lift, Gross Weight, and Flight Velocity Are Held
onstant. :
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fe-sq ft 0 22.9

L/OE (without upwash) T 6.9 7.23
L/DE (with upwash) : 7.10 7.66
PLL Amplitude-lbs (without upwash) 551 21
PLL Amplitude-1bs (with upwash) 519 ‘ '485
Vertical Shear Amblitude-]bé (without ubwash) 1102 1449
Vertical Shear Amplitude-lbs (with upwash) 1288 1912
FZF-1bs (without upwash) 682 754
FZF-1bs (with upwash) 706 682
Flight Condition 11 13

Variation of Equivalent Lift-to-Drag Ratic, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust frem Loads Analy-
sis. Rotor Radius, Rotor Lift, Gross Weight, and Flight Velocity Are Held
Constant.

.
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fe-sq ft 0 22.9

L/DE (withcut upwash) ' 8.94 8.06
L/DE (with upwash) 9.06 8.99
PLL Amplitude-1bs (without upwash) 1019 ' 825
PLL Amplitude-1bs (with upwash) 1044 1154
Vertical Shear Amplitude-1lbs (without upwash) 2279 2598
Vertical Shear Amplitude~lbs (with upwash) 2815 3449
FZF-1bs (without upwash) 1223 1446
FZF-1bs (with upwash) 1005 1503
Flight Condition 12 14

Variation of Equivaient Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory

Amplitude, Pitch Link Loacd Vibratory Amplitude, and Vertical Hub Force Fourth

Harmonic Ampiitude with Flat Plate Area for Auxiliary Thrust from Loads Analy-

zis. Rotor Lift, Gross Weight, Flight Velocity, and Rotor Radius Are Held
onstant.
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fe-sq ft Q
L/DE (without upwash) . | 7.83
L/DE (with upwash) 7.30
PLL Amplitude-1bs (without upwash) 293
PLL Aplitude-1bs (with upwash) 493
Vertical Shear Amplitude-1bs (without upwash) 2336
Vertical Shear Amplitude-lbs (with upwash) 1820
FZF-1bs (without upwash) 1173
FZF-1bs (with upwash) 1386
Flight Conditicn 5

22.9
7.45
7.26

407
546
5386
5220

1733

1594

Variation of Equivalent Lift-to-Drag Patio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Viuratory Amplitude, and Vertical Hub fcrce Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Loads Analy-
sis. Rotor Lift, Gross Weight, Flight Velocity, Wing Lift, and Rotor Radius

Are Held Constant.
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fe-sq ft | 0 22.9
L/DE (without upwash) o 7.09 .21
L/0E (with upwash) _ 6.63 7.18
PLL Amplitude-1bs (without upwash) . 483 261
PLL Amplitude~1bs (with upwash) 532 429
Vertical Shear Amplitude-lbs (without upwash) 897 3124
Vertical Shear Amplitude-lbs (with upwash) | 1431 | | 3138
FZF-1bs (without upwash) 720 765
FZF=-1bs (with upwash) 795 655

B Flight Condition 15 17

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Loads Analy-
sis. Rotor Lift, Gross Weight, Flight Velocity, Wing Lift, and Rotor Radius
Are Held Constant. -

e
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fe-sq ft 0 22.9
L/DE (without upwash) ' 8.93 8.04
L/DE (with upwash)_ 8.72 8.57
PLL Amplitude-1bs (without upwash) 1025 869
PLL Amplitude-1bs (with upwash) 1052 005
Vertical Shear Amplitude-lbs (without upwash) - 2556 3234
Vertical Shear Amplitude-1lbs (with upwash) 3436 4630
FZF-1bs (without upwash) 1362 ' 1559
FZF-1bs (with upwash) 1194 1521
Flight Condition 16 18

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Arplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Lcads Analy-
sis. Rotor Lift, Gross Weight, Flight Velocity, Wing Lift, and Rotor Radius
Are Held Constant. ' :
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fe-sq ft _ 0 22.9
Lift-1bs - 0 8066.7
L/DE (without upwash) 7.80 7.45
L/OE (with upwash) _ 7.91 7.26
PLL Amplitude-1bs (without upwash) 305 407
PLL Amplitude-ibs (with upwash) 435 546
Vertical Shear Amplitude-lbs (without upwash) 1897 5386
Vertical Shear Amplitude-lbs (with upwash) 1410 5220
FZF-1bs (without upwash) 1182 1733
FZF-1bs (with upwash) 1219 1594

Flight Condition 3 9

Variation of Equivalent Lift-to-Orag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmcaic Amplituce with Flat Plate Area for Auxiliary Thrust and Wing Lift from
Loads Analysis. Rotor Lift, Flight Velocity, anu Rotor Radius Aie Held Con-
stant. .
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fe-sq ft

Lift-1bs

L/DE (without upwash)

L/DE (with upwash)

PLL Amplitude~1bs (without upwash)
PLL Amplitude-1bs (with upwash)

Vertical Shear Amplitude-1lbs (without upwash)

Vertical Shear Amplitude-1bs (with upwash)

FIF-1bs (without upwash)
FZF-1bs (with upwash)
Flight Condition

6.96

7.10
551
519
1102
1288
682
706
11

17

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Loads Analy-
sis. Rotor Lift, Flight Velocity, and Rotor Radius Are Held Constant.
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fe-sq ft | 0 22.9

Lift-1bs | o 0o 8066.7-

L/DE (without upwash) 8.94 8.04 '
L/DE (with upwash) . 9.06 8.57

OLL Amplitude-1lbs (without upwash) -1019 869

PLL Amplitude~lbs (with upwash) 1044 905

Vertical Shear Amplitude-1lbs (without upwash) 2270 3234 i
Vertical Shear Amplitude-1bs (with upwash) 2815 4630 ?
FZF-1bs (without upwash) 1223 1559

FZF-1bs (with upwash) 1005 1521

Flight Condition 12 18

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Flat Plate Area for Auxiliary Thrust from Loads Analy-
sis. PRotor Lift, Flight Velocity, and Rotor Radius Are Held Constant.
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. Rotor Radius-ft ' 25 30
L/DE (without upwash) . - 6.96 7.21
L/0E (with upwash) 7.10 7.38
PLL Amplitude-1bs (without upwash) 551 756
PLL Amplitude=-1bs (with upwash) 519 776
Vertical Shear Amplitude-1bs (without uansh) 1102 - 2270
Vertical Shear Amplitude-1bs (with upwash) - 1288 2360
FZF-1bs (without upwash) | 682 1253
FZF-1bs (with upwash) - 706 1344
Fiight Condition 11 1

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Farce Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis. Flight Velocity and
Disk Loading Are Held Constant. ,
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Rotor Radius-ft

L/DE (without upwash)

L/DE (with upwash)

PLL Amplitude-lbs (without upwash)

PLL Amplitude-1bs (with upwash)

Vertical Shear Amplitude-1bs (without upwash)
Vertical Shear Amplitude-1lbs (with upwash)
FIF-1bs (without upwach)

FZF-1bs (with upwash)
Flight Condition

25 30

6.96 7.80
7.10 7.91 '
551 305
519 435
1102 1897
1288 1410
682 1182
706 1219
1 3

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth

Harmonic Amplitude with Rotor Radius from Loads Analysis.

Rotor Lift, and Gross Weight Are Held Constant.
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Rdtor Radius-ft | 25 30

L/DE (without upwash) ' | 8.94 8.21
L/DE (with upwash) - | -~ 9.06 8.53
PLL Amplitude-1bs (without upwash) 1019 929

PLL Amplitude-1bs (with upwash) 1044 1014 -
Vertical Shear Amplitude=-lbs (without upwash) 2270 | 3476
Vertical Shear Amplitude-1bs (with upwash) 2815 4106
FZF-1bs (without upwash) o : 1223 1686
FZF-1bs (with upwash) 1005 ' 1557
Flight Condition 12 4

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis. Flight Velocity,
Rotor Lift, and Gross Weight Are Held Constant.
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Rotor Radius-ft 25
L/DE (without upwash) ' - 7.23
L/DE (with upwash) 7.66
PLL Amplitude-lbs (without upwash) 321
PLL Amplitude-lbs (with upwash) 485
Vertical Shear Amplitude-1bs (without upwash) 1449
Vertical Shear Amplitude-lbs (with upwash) . 1912
FZF-1bs (without upyash) 754
FZF-1bs (with upwash) 682
Flight Condition 13

Harmonic Amplitude with Rotor Radius from Loads Analysis.

.\“

30
7.44
7.85

419
460

2905

2877

1629

1561

7

Variation of Equivalent Lift-to-Drag Ratic, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratery Amplitude, and Vertical Hub Force Fourth
Flight Velocity,

Rotor Lift, Gross Weight, and Flat Plate Area for Auxiliary Thrust Are Heid

Constant.
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Rotor Radius-ft

L/DE (without upwash)

L/0E (with upwash)
PLL Amplitude=-1bs (without upwash)

PLL Amplitude-1bs (with upwash)
~ Vertical Shear Amplitude-1bs (without upwash)

Vertical Shear Amplitude-lbs (with upwash)
FZF-1bs (without upwash) -

FZF-1bs (with upwash)

Flight Condition

25
8.06
8.99

825

1154
2598
3449
1446

1503

14

30
7.40
8.14

734

916

3766
4359
2736
2507
i

Variation of Equivalent Lift-to-Orag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis.. Flight Velocity,
Rotor Lift, Gross Weight, and Flat Plate Area for Auxiliary Thrust Are Held

Constant.
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Rotor Radius-ft 25 30

L/DE (without upwash) 709 7.83
L/DE (with upwash) 6.63 7.30
PLL Amplitude-1bs (without upwash) 483 . 293

PLL Amplitude-1bs (with upwash) 532 493
Vertical Shear Amplitude-1bs (without upwas5) 897 2336
Vertical Shear Amplituda-1bs (with upwash) 1431 1820
FZF-1bs (without upwash) - 720 ' 1173
FZF-1bs (with upwash) ' 795 1386
Flight Condition 15 5

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratsry Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis. Flight Velocity,
Rotor Lift, Wing Lift, and Gross Weight Are Held Constant. .
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Rotor Radius-ft 25 . 30
L/DE (without upwash) ' 8.93 8.21
L/DE (with upwash) | o 8.01
PLL Amplitude-1bs (without upwash) 1025 873
PLL Amplitude-1lbs (with upwash) 1052 987
Vertical Shear Amplitude-Tbs (without upwash) 2556 3431
Vertical Shear Amplitude-1bs (with upwash) 3436 3188
FZF-1bs (without upwash) 1362 1720
FZF-1bs (with upwash) 1194 1795
Flight Condition 16 6

Variation of Equivalent Lift-to-Drag Ratid, F1ap Hinge Vertical Shear Vibratory

Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis. Flight Velocity,
Rotor Lift, Wing Lift, and Gross Weight Are Held Constant.
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Rotor Radius-ft

L/DE (without upwash)

L/DE (with upwash)

PLL Amplitude~1ibs (without upwash)
PLL Amplitude~1bs (with upwash)

Vertical Shear Amplitude-lbs (without upwash)

Vertical Shear Amplitude-lbs (with upwush)

FZF-1bs (without upwash)
FZF-1bs (with upwash)
Flight Condition

Variation of Equivaleht Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Loac Vibratory Amplitude, and Vertical Hub Faorce Fourth

7.27
7.18

251
429
3124
3138
765
655
17

Harmonic Amplitude with Rotor Radius from Loads Analysis.

Are Held Constant
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7.45
7.26

407
546
5386
5220
1733
1594

Flight Velocity,
Rotor Lift, Wing Lift, Gross We1ght and Fiat Plate Area for Auxiliary Thrust
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Rotor Radius-ft 25 30
L/DE (without upwash) ' | 8.04  7.29
L/DE (with upwash) 8.57 7.65
PLL Amplitude-1bs (without upwash) 869 735
PLL Amplitude-1bs (with upwash) _ 905 927
Vertical Shear Amplitude-1bs (without upwash) 3234 3306
Vertical Shear Amplitude-1bs (with upwash) 4630 4694
FZF-1bs (without upwash) 1559 2685
FZF-1bs (with upwash) 1521 2444
Flight Condition 18 10

Variation of Equivalent Lift-to-Drag Ratio, Flap Hinge Vertical Shear Vibratory
Amplitude, Pitch Link Load Vibratory Amplitude, and Vertical Hub Force Fourth
Harmonic Amplitude with Rotor Radius from Loads Analysis. Flight Velocity,
Rotor Lift, Wing Lift, Gross Weight, and Flat Plate Area for Auxiliary Thrust
Are Held Constant.
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APPENDIX D

Surface Plots

This appendix contains a few surface plots of upwash values, UP, the

steady value and first ten harmonics of the blade loading, and
the same blade loading with the steady value and first two har-
monics removed. The blade loading is from B-65. The upwash
values in this appendix are not nondimensionalized by rotor tip
speed. They have units of ft/sec. The blade loading is in
oo lb/in. These surface plots are examples only. They show that
' _the effects of fuselage/wing/engine upwash on blade loading
: distribution is not dramatic.
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Oracphias PRl L

OF POOR QUALITY

ISOLATED ROTOR

FUSELAGE UPWASH

UPWASH VELOCITY, MNORMAL COMPONENT, UPWASH VELOCITY, NORUAL COIIPON'ENY.

Adup (ft/7eee)

(tt/7e0q)
FUSELAGE

FUsELAGE

e P
7 A ,-"-:'.im-v-«( .
. ekl
s Tm‘ ~ 20 0
:1... ‘Q':"."\\\\"' “

0.0
- ---\,\\\\Q s,
.,
-, ,\__‘.\-\-\\\‘\\ \.?‘\.p
ol T — Y

BLADE LOADINC (td/tn} BLADE LOADING (IB/In)

HARMONICS O YO 10 HARMONICS O TO 10

SLADE LOADING {1b/In)

QLADE LOADING (ib/In}

NARLONICE 3 TO 10 HARUMONICY 3 TO 10

Flight Condition 7
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The effects of RSRA fuselage configurations on rotor performance and loads have been quan-
tified analytically be means of currently available potential flow and rotor analysis

Four configurations of the Rotor Systems Research Aircraft (RSRA) were considered in this
study. They were: s '
(1) Fuselage alone (conventional helicopter)
(2) Fuselage with auxiliary propulsion
(3) Fuselage with wings (auxiliary lift)
(4) Fuselage with both auxiliary lift and propulsion

The rotor system investigated was identical to a CH-47D front rotor except that it had fouy
instead of three blades. Two scaled-down versions of the same rotor were also analyzed
to determine the effect of rotor scale on the fuselage upwash effects.

The flight ccaditions considered for the upwash study are discussed. The potential flow
models for the RSRA configuration, with and without the wings and the auxiliary propulsion

system, are presented. The results of fuselage/wing/propulsion system upwash on perform-
ance and loads are also presented.

The plethora of data resulting from this study reflected the existence of complicated flow
interactions and did not lend itself to straightforward interpretation in all cases. More
often than not though, neglecting fuselage upwash causes an underestimation of performance
and an underestimation of loads.
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